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Attached is the subject amendment and associated documents
prepared by the North Pacific Fishery Management Council
(Council) for formal review under the Magnuson Fishery
Conservation and Management Act. Amendment 37 would implement
closures to trawl fishing in portions of Bristol Bay, adjust the
prohibited species catch limit for red king crab in Zone 1 of
Bristol Bay, and increase observer coverage in specified areas
related to the trawl closures. The Council recommended these
measures because the red king crab stock in Bristol Bay has
declined to a level that presents a serious conservation problem.
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comment." If you have any questions, please call Don Leedy at
301-713-2344.
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AMENDMENT 37 - TEXT TO AMEND THE FMP FOR THE GROUNDFISH FISHERY
OF THE BERING SEA AND ALEUTIAN ISLANDS AREA

1. In Chapter 2.0, section entitled "History and Summary of
Amendments," add the following:

Amendment 37 implemented on , 1996

(1) Established a non-pelagic trawl closure area called the

i vi , a trawl closure area called the
Nearshore Bristol Bay Trawl Closure, and revised the red
king crab prohibited species catch limits.

2. In Section 14.4.2.2 entitled "Prohibited Species Catch
Limits" paragraphs A and B are amended as follow:

A. The trawl fisheries are limited to a PSC of 1,000,000 C.
baridi tanner crab in Zone 1 in any fishing year.

B. Red king crab. A Zone 1 PSC limit for red king crab is
established in the following manner:

When the number of mature female red king crab is below or
equal to the threshold of 8.4 million mature crab or the
effective spawning biomass is less than 14.5 million 1lb.
the Zone 1 PSC limit will be 35,000 red king crab.

When the number of mature female red king crab is above the
threshold of 8.4 million mature crab and the effective
spawning biomass is equal to or greater than 14.5 but less
than 55 million 1lb. the Zone 1 PSC limit will be 100,000 red
king crab.

When the number of mature female red king crab is above the
threshold of 8.4 million mature crab, and the effective
spawning biomass is equal to or greater than 55 million
1b. the Zone 1 PSC limit will be 200,000 red king crab.

3. In chapter 14 entitled "Management Regime," the following
sections are amended:

Under Section 14.4.3. entitled "Fishing Area Restrictions,"

In Section 14.4.3.2, entitled "Trawl Fishery," paragraph G
and H are added to read as follows:

G. Red King Crab Savings Area (RKCSA). (As described in
Appendix III and Figure 27f)--Closed to non-pelagic
trawling year round, except that when the Director, Alaska
Region, NMFS, in consultation with the council, determines




that a guideline harvest level for Bristol Bay red king crab
has been established he or she may open a subarea of the
RKCSA between 56°00' and 56°10' N. lat. and 162°00 and

164°00 W. long. to non-pelagic trawling.

H. s is . (As described in
Appendix III and Figure 27g)--Closed to all trawling on a
Year round basis, with the exception of a subarea bounded
by 159°00 and 160°00 W. long. and 58°00 and 58°43' N. lat.
that remains open to trawling during the period April 1 to
June 15 each year.

4. In Appendix III, entitled "Description of Closed areas, add
number 11 and 12 as follows:

11. i i Non-pelagic trawling is
prohibited year round within the area bounded by a straight line
connecting the following pairs of coordinates in the order listed
below, with the exception that a subarea of the Red King Crab
Savings Area may be opened as outlined in Section 14.4.3.2.(G):

56°00'N., 162°00'W.;
56°00'N., 164°00'W.;
57°00°'N., 164°00'W.;
57°00'N., 162°00'W.;
56°00'N., 162°00'W.

12. i . All trawling is
prohibited year round in Bristol Bay, as described in the current
edition of NOAA chart 16006, east of 162° W. long., with the
exception that the area bounded by a straight line connecting the
following pairs of coordinates in the order listed below would be
open to trawling during the period April 1 to June 15 each year:

58°00'N., 160°00'W. ;
58°43'N., 160°00'W. ;
58°43'N., 159°00'W. ;
58°00°'N., 159°00'W. ;

58°00'N., 160°00'W.




ENVIRONMENTAL ASSESSMENT/REGULATORY IMPACT REVIEW/
- INITIAL REGULATORY FLEXIBILITY ANALYSIS
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Executive Summary

Bering Sea crab stocks are currently at relatively low levels based on recent National Marine Fisheries Service
(NMES) bottom trawl surveys. Crab fisheries have been impacted by these low stock sizes, such that no Bristol
Bay red king crab fishery occurred in 1994 or 1995, and harvests of Tanner and snow crabs have been much
reduced. In January 1995, the Council initiated analysis of several proposals designed to reduce impacts of
trawling on crab stocks and thus promote rebuilding of crab resources. The Council adopted three management
measures for the current crab bycatch management regime for Bering Sea trawl fisheries. Specifically, these
management measures are:

L. Revise the trawl closure time period for the Bristol Bay Red King Crab Savings Area;

2. Modify crab bycatch limits for trawl fisheries; and
3. Close nearshore waters of Bristol Bay to trawling.

The Council requested that staff examine the suite of management measures in one package, so that the impacts
of these measures can be analyzed in a comprehensive manner. At it's June 1996 meeting, the Council identified
and adopted its preferred alternatives for these management measures, and these actions were bundled together
as Amendment 37. No action was taken on bycatch limits for Tanner and snow crab in June, but the Council
indicated that action other than status quo may be taken in September 1996 (if adopted, these measures would
move forward as a seperate plan amendment). Proposed crab bycatch managmenet measures, and potential
impacts and interactions, are described below.

Bristol Bay Red King Crab Savings Area: The non-pelagic trawl closure period adopted by the Council in

September 1995 (Bristol Bay Red King Crab Savings Area ) does not encompass the entire molting and mating
period of red king crabs. The Bristol Bay red king
crab stock remains at low abundance levels, and the
Council recommended that NMFS implement an
emergency rule to continue the closure through June
15, 1996. Because unobserved impacts of trawling
on softshell crab may impact crab rebuilding and
future crab harvests by pot fisheries, the Council
requested additional information be examined before
they reconsider the previous preferred alternative
(January 1 - March 31) for this Amendment.

5 § 3 §

Three alternatives were examined. In addition to the
status quo, Alternative 1, additional impacts of L
seasonal closures were examined as well as a

modified closure area. These altemnatives and options are detailed below.

Alternative 1: Status quo, no action. Amendment 37 would be submitted to the Secretary based on the
closure period adopted by the Council in September 1995. The Bristol Bay Red King Crab Savings Area
(162° to 164° W longitude, 56° to 57° N latitude) would be closed to non-pelagic trawling from January
1 through March 31. The area bounded by 56° to 56°10' N latitude would remain open during the years
in which a guideline harvest level for Bristol Bay red king crab is established. ’

Alternative 2: Extend closure period for the Bristol Bay Red King Crab Savings Area to provide
increased protection for red king crab. Amendment 37 would be submitted to the Secretary based on one
of the closure period options considered. [Note: The area bounded by 56° to 56°10' N latitude would
remain open during the years in which a guideline harvest level for Bristol Bay red king crab is
established.]
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Option A: Six month closure. Close the Bristol Bay Red King Crab Savings Area to non-
pelagic trawling from January 1 through June 15. The June 15 date corresponds to the opening
date for Area 516, which is the area from 162° to 163° W longitude that is closed March 15 to
June 15 annually.

Option B (Preferred): Year-round closure. Close the Bristol Bay Red King Crab Savings Area
to non-pelagic trawling from January 1 through December 31.

Option C: Seven month closure. Close the Bristol Bay Red King Crab Savings Area to non-
pelagic trawling from January 1 through August 1.

Alternative 3: Close the area based on a modified version of the old pot sanctuary. Boundaries of the
closure would close all waters in the Bering Sea east of a line originating at Cape Constantine, extending
t0 58°10'N, 160°W to 57°10'N, 163°W to 56°30'N, 163°W to 56°30'N, 164°W, then south to 56°N.
After April 1, this closure would extend south to the Alaska Peninsula. This option would require 100%
observer coverage for fishing north of 58 °N and east of 162°W and would be limited to May and June.
Further, the area between 163 ° and 164°W between 56°30'N and 57°00'N would not open until April
1 and would be closed upon reaching a red king crab cap in a range of 5,000 to 15,000 red king crab.
(Note this alternative deals with both Bristol Bay Red King Crab Savings Area and nearshore Bristol
Bay Trawl Closure Area.)

As a supplement to the original Amendment 37 analysis (NPFMC 1995) which examined a year round closure
of the red king crab savings area, the Bering Sea Fishery Simulation model was run to estimate the net benefits
to the nation from a three-month, six-month, or a seven-month closure to all trawling. Model runs predicted no
substantial change in net benefits to the nation under any closure option.

The additional analysis provided by the model was based on data from 1993 and 1994 when there was essentially
no trawling in the closure area between April and June. Thus the model was unable to predict the magnitude of
red king crab savings by extending the closure to June 15. However, in some years, Zone 1 has remained open
to yellowfin sole trawling until May or June, and there remains a potential for vessels to trawl in the proposed
arca. Because this area contains a significant number of molting adult red king crab during this time period,
Alternative 2 (Options A, B, and C) may reduce the potential for bycatch and unobserved mortality, which may
be higher when crabs are in softshell condition. Alternative 2, Option C (7-month closure) covers the duration
of the molting period and an additional month to allow for shell hardening. Alternative 2, Option B (year-round
closure) provides the maximum protection of crab and habitat.

Alternative 3 would provide more fishing opportunities for the yellowfin sole and rock sole trawl fisheries, as well
as provide habitat protection for red king crab in nearshore areas. However, because areas containing a sizable
portion of the mature red king crab stock would be open to trawling, Alternative 3 may result in increased
impacts on red king crab.

Modify Existing Crab PSC B h Limi

Initiate Bycatch Limits for Snow Crab: Bycatch
limits for red king crab and Tanner crab established
for Bering Sea fisheries may be too high given
current status of crab stocks, and bycatch may impact
crab rebuilding and future crab harvests by pot
fisheries. Bycatch limits for snow crab have not been
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additional option for stairstep PSC limits for Tanner crab, proposed by the Alaska Crab Coalition in January
1996, was also examined at the request of the Council. The alternatives to the status quo included a reduced
bycatch limit for crab and a crab PSC limit that fluctuates with crab abundance. Potential impacts of instituting
anew bycatch limit for snow crab were also examined. The alternatives and options were as follows:

RED KING CRAB

Altemative 1: Status quo, no action. PSC limits would remain at 200,000 red king crab in
Bycatch Limitation Zone 1.

Alternative 2: Reduce PSC limits of red king crab. PSC limits would be reduced to a fixed level
at 180,000 red king crab based on a three year average (1992-1994)

Option A: Further reduce the red king crab PSC limit in Zone 1 to 35,000 crab,
which was the number of red king crab bycaught in 1995 within Zone
1.

Alternative 3: Establish PSC limits for crab that fluctuate with crab abundance. Annual PSC
limits would be set as a percentage of the total population indexed by the NMFS bottom trawl
survey. Limits would be established based on a rate specified, within the range 0.1-1.0% of red
king crab in the Bristol Bay District.

Alternative 4 (Preferred): Establish a stairstep based PSC limit for red king crab in Zone 1.
PSC limits would be based on abundance of Bristol Bay red king crab as follows:

(A) When the number of mature female red king is equal to or below the threshold number
of 8.4 million crab, or the effective spawning biomass (ESB) is less than 14.5 million
pounds, the Zone 1 red king crab PSC limit would be 35,000 crabs;

(B) when the number of mature female red king crab is above threshold, and the ESB is
equal to or greater than 14.5 but less than 55 million pounds, the Zone 1 red king crab
PSC limit would be 100,000 crabs; and

(C) when the number of mature female red king crab is above threshold, and the ESB is
equal to or greater than 55 million pounds, the Zone 1 red king crab PSC limit would

be 200,000 crabs.
Option A: Set a fixed upper limit for crab PSC at 200,000 red king crab in Zone
1.
TANNER CRAB
Alternative 1: Status quo, no action (Preferred, June 1996). PSC limits would remain at

1,000,000 Tanner crab in Zone 1, and 3,000,000 Tanner crab in Zone 2.

Alternative 2: Reduce PSC limits of Tanner crab. PSC limits would be reduced to a fixed level
of 900,000 Tanner crab in Zone 1, and within the range of 1,500,000 to 2,100,000 Tanner crab
in Zone 2. ’

Alternative 3: Establish PSC limits for crab that fluctuate with crab abundance. Annual PSC
limits would be set as a percentage of the total population indexed by the NMFS bottom trawl
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survey. Limits would be established based on a rate specified, within the range 0.10-2.0% of
Tanner crab in the Eastern District, as indexed by the survey. PSC limits for each zone would
be set either by apportioning the overall cap among the zones (25% to Zone 1 and 75% to Zone
2) or by setting separate PSC rates for each zone, rather than apportionment of a single rate.

Option A: Set a fixed upper limit for crab PSC at 1,000,000 Tanner crab in
Zone 1, and 3,000,000 Tanner crab in Zone 2.

Option B: Establish PSC limits for Tanner crab based on abundance thresholds.
Limits would be set as a percentage of population when abundance is
less than 100 million crab. In years when Tanner crab abundance is
more than 100 million, but less than 250 million, PSC limits would
be established at 850,000 Tanner crab in Zone 1, and 1,500,000 in
Zone 2. In years when Tanner crab abundance is more than 250
million, but less than 500 million, PSC limits would be established at
900,000 Tanner crab in Zone 1, and 2,300,000 in Zone 2. In years
when Tanner crab abundance exceeds 500 million, PSC limits would
be established at 1,000,000 Tanner crab in Zone 1, and 3,000,000 in

Zone 2.
SNOW CRAB
Alternative 1: Status quo, no action (Preferred, June 1996). No PSC limits would be set for
snow crab.

Alternative 2: Establish a fixed PSC Limit for snow crab. Based on a three year average (1992-
1994), a PSC limit would be established at a fixed level of 11,000,000 snow crab in Zone 2.
No snow crab PSC limit would be established for Zone 1, as bycatch in this area has been
minuscule by comparison.

Option A: Establish PSC limit at 6 million snow crab in Zone 2.

Alternative 3: Establish PSC limits for snow crab that fluctuate with crab abundance. Annual
PSC limits would be set as a percentage of the NMFS bottom trawl survey index. Limits for
Zone 2 would be set at a percentage within the range 0.005 to 0.25% of the snow crab total
population index (all districts combined). No snow crab PSC limit would be established for
Zone 1.

Option A: Set fixed upper limit for PSC at 12 million snow crab in Zone 2.

The biological impacts of this management measure on crab populations were measured on the basis of adult
equivalents. The adult equivalent formula incorporated data from groundfish and crab fisheries including bycatch
numbers, size and sex of catch and bycatch, discard mortality, and natural mortality. Results indicated that,
assuming only observed crab are impacted, bycatch in groundfish fisheries has relatively small impact on crab
populations, and therefore reducing PSC limits as proposed under Alternatives 2 and 3 may not drastically
improve or rebuild crab stocks. For example, under the most restrictive PSC limit considered for red king crab
(red king crab Alternative 2, Option A), the abundance of female spawning stock would be expected to be about
0.75% higher than under Alternative 1, based on average bycatch 1993-1995. It should be noted, however, that
any reduction in mortality would slow the decline of the Bristol Bay stock. PSC limits for Tanner crab proposed
under Tanner crab Alternative 2 would increase female spawning stock by about 0.38%.
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The economic impacts of this management measure depend on the alternative chosen. If the Bristol Bay Red
King Crab Savings Area is approved as an FMP amendment, reduced PSC limits for red king crabs in Zone 1
(as proposed under Alternative 2) may not further impact trawl fisheries, as bycatch was at or below this level
in 1995 and 1996. For Tanner crab, recent data indicated that the current PSC limits (status quo) could be
reduced from existing levels, yet not impact groundfish fisheries if the available PSC is optimally allocated.
However, because PSC allocation becomes fixed for the year during the annual specification process, optimal
allocation may be impossible to achieve. Bycatch of Tanner crab was much reduced in 1995, suggesting that the
PSC limit proposed under Alternative 2 may be achievable without substantially impacting trawl fisheries. One
major assumption regarding assessment of impacts for Alternative 2 is that crab stock abundance will remain
relatively stable in future years.

The impacts of Alternative 3 depend on the PSC rate chosen for each crab species. On average 1992-1995,
groundfish fisheries bycaught crab at the following rates (bycatch as percentage of total crab survey abundance):
red king crab (Zone 1, 0.40%), Tanner crab (Zone 1, 0.39%; Zone 2, 0.79%), snow crab (Zone 2, 0.10%). As
with other alternatives, PSC limits set at these rates (current bycatch use) would not impact groundfish fisheries
if the available PSC is optimally allocated. Fixed upper limits would further constrain trawl fisheries when crab
abundance is high. The threshold limits proposed for Tanner crab may also do the same. The potential benefit
of threshold limits is that while they allow bycatch levels to fluctuate with crab abundance, they also would
temper year-to-year variability in PSC limits caused by trawl survey abundance estimates. Some stability may
also be beneficial to long-term financial planning for trawl companies.

Nearshore Bri Trawl Cl Area: Existing trawl closure areas in Bristol Bay were designed to
protect adult and sub-adult red king crab from trawling. However, protection of juvenile habitat, which may be

negatively impacted by trawling, may provide for
improved recruitment and subsequent stock
rebuilding. A trawl closure area may also provide
additional protection for Pacific herring and Pacific
halibut. In addition to the status quo, Alternative 1,
the impacts of prohibiting trawling in three areas
were examined. E

Alternative 1: Status quo, no action.

Altemative 2: Establish a Northern Bristol
Bay Closure Area, which would prohibit all
trawling, on a year-round basis, in the area 165w 10w
east of 162° W longitude and north of 58° N

latitude.

Option A: Continue to allow bottom trawling within the area north of 58° N and bounded by
159° and 160° W longitude. This option may require 100% observer coverage for trawl vessels
fishing in the area.

Alternative 3: Prohibit all trawling in Bristol Bay, on a year-round basis, in the area east of 162°W
longitude. Because much of Bristol Bay (statistical area 512) is already closed to trawling year-round,
the additional area encompassed by this alternative is statistical area 508 in eastern Bristol Bay and the
area described under Alternative 2.

Option A (Preferred): Continue to allow bottom trawling within the area north of 58° N and
bounded by 159° and 160° W longitude. This option may require 100% observer coverage for
trawl vessels fishing in the area. (Note: the Council's preferred option would limit trawling to
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the area south of 58°43' N within the 159° and 160° W window and only during the period April
1 to June 15 each year.)

Alternative 4: Prohibit all trawling on a year-round basis the area north of 58°43' N and east of 162° W
longitude. The area north of 58° N and east of 162° W longitude, exclusive of the area closed year-
round, would be open to trawling during the period April 1 to June 15 each year. This alternative may
require 100% observer coverage for trawl vessels fishing in the area.

Option A: Also prohibit all trawling on a year-round basis in Statistical Area 508, which is the
area east of 160° W longitude and south of 58° N latitude.

All Alternatives to the status quo would include a regulatory amendment change that would rescind the trawl
closure exemptions for the Pacific cod fishery off Port Moller (§ 675.22, paragraphs c,d,e). These regulations
appear to be out-of-date given the current best scientific information on juvenile crab habitat and status of the
Bristol Bay red king crab stock.

This analysis suggests that a nearshore trawl closure area designed to protect juvenile red king crab habitat may
be a significant action managers can take to maintain and possibly increase recruitment of red king crab. Young-
of-the-year red king crab require cobble or living substrate (such as sea onions and bryozoans) on which to settle
and provide protection from predators. Much of this habitat is already protected by the area 512 trawl closure.
Additional habitat for age-0 red king crab has been found to occur in the shallow waters (<50 m) of Area 508,
and in the area north of 58° N latitude. By age 2, juvenile red king crab begin to form pods in deeper water
(>50m) adjacent to settlement areas in Bristol Bay. Although Alternative 2 encompasses some habitat and
podding areas, Alternative 3 would provide maximum habitat protection for young red king crab of the Bristol
Bay stock. A trawl closure area in nearshore Bristol Bay may also provide some additional benefits for seabirds,
herring, halibut, and marine mammals, but potential benefits remain unquantified.

Yellowfin sole are targeted by trawl fisheries in Bristol Bay (concentrated to the west of Cape Constantine), and
consequently this fishery would be somewhat impacted by the proposed closure areas, particularly the northem
Bristol Bay area (Alternative 2). A high of 50% of the yellowfin sole observed catch was taken in 1991 in Bristol
Bay, however, this percentage has declined annually until only 2% of the directed catch was taken in Bristol Bay
in 1994. The percentages of prohibited species bycatch taken in the Bristol Bay area are generally similar to the
catch percentages with the exception of herring which generally constitutes a very high percentage of the total
yellowfin sole bycatch of herring.

Estimates based on the Bering Sea fishery simulation model indicate that adoption of any of the Alternatives
would lead to a slight decrease in the net benefits to the Nation over status quo based on both the 1993 and 1994
data. The approximately $1.1 million decrease in net benefits (1993 data) and $1.3 million decrease in net
benefits (1994 data) result in approximately a 0.4% and a 0.5% decrease of the net benefits to the Nation under
status quo from 1993 and 1994 data, respectively. Given the accuracy inherent in the data, and in the model
procedures, these predicted changes in net benefits to the nation are probably not great enough to indicate an
actual change from status quo. As with any closure, the tradeoffs between foregone groundfish catch, and savings
in bycatch species are apparent in the model results. A closure of northern Bristol Bay would result in a slight
decrease in retained catch and herring bycatch and an increase in Tanner crab bycatch. The minimal directed
fishing activity in Area 508 during 1993 and 1994 resulted in minute changes in the model results due to the
closure of this area.
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1.0 INTRODUCTION

The groundfish fisheries in the Exclusive Economic Zone (EEZ) (3 to 200 miles offshore) off Alaska are
managed under the Fishery Management Plan for the Groundfish Fisheries of the Gulf of Alaska and the Fishery
Management Plan for the Groundfish Fisheries of the Bering Sea and Aleutian Islands Area. Both fishery
management plans (FMP) were developed by the North Pacific Fishery Management Council (Council) under
the Magnuson Fishery Conservation and Management Act (Magnuson Act). The Gulf of Alaska (GOA) FMP
was approved by the Secretary of Commerce and become effective in 1978 and the Bering Sea and Aleutian
Islands Area (BSAI) FMP become effective in 1982.

Actions taken to amend FMPs or implement other regulations governing the groundfish fisheries must meet the
requirements of Federal laws and regulations. In addition to the Magnuson Act, the most important of these are
the National Environmental Policy Act (NEPA), the Endangered Species Act (ESA), the Marine Mammal
Protection Act (MMPA), Executive Order (E.O.) 12866, and the Regulatory Flexibility Act (RFA).

NEPA, E.O. 12866 and the RFA require a description of the purpose and need for the proposed action as well
as a description of alternative actions which may address the problem. This information is included in Section
1 of this document. Section 2 contains information on the biological and environmental impacts of the
alternatives as required by NEPA. Impacts on endangered species and marine mammals are also addressed in
this section. Section 3 contains a Regulatory Impact Review (RIR) which addresses the requirements of both
E.O. 12866 and the RFA that economic impacts of the alternatives be considered. Section 4 contains the Initial
Regulatory Flexibility Analysis (IRFA) required by the RFA which specifically addresses the impacts of the
proposed action on small businesses.

This Environmental Assessment/Regulatory Impact Review/Initial Regulatory Flexibility Analysis
(EA/RIR/IRFA) addresses proposals to reduce the impacts of trawling on Bering Sea crab stocks and increase
the probability of crab stock rebuilding.

1.1 List of Management Measures Considered

The Council is considering three management measures to resolve problems in the current crab bycatch
management regime for Bering Sea trawl fisheries. Specifically, these management measures are:

1. Revise the trawl closure time period for the Bristol Bay Red King Crab Savings Area,
2. Modify existing crab PSC bycatch limits, and initiate bycatch limits for snow crab, and
3. Close nearshore waters of Bristol Bay to trawling.

1.2 Purpose of and Need for the Action

Bering Sea crab stocks are currently at relatively low levels based on 1995 National Marine Fisheries Service
(NMFS) bottom trawl survey data, which indicated that exploitable biomass of Bristol Bay red king crab
(Baralithodes camtschaticus), and Bering Sea Tanner crab (Chionoecetes bairdi) and snow crab (Chionoecetes
opilio) stocks are about one-fifth record levels (Stevens et al. 1995). Red king crab stocks are at their lowest level
since the fishery was closed after the first stock collapse in 1983. In 1994 and 1995, Bristol Bay was closed to
red king crab fishing because the female threshold (8.4 million) was not reached. In addition, the annual trawl
surveys indicated little prospect for increased recruitment of mature males or females, and low female spawning
biomass. Although the Tanner crab fishery in the Bering Sea opened in 1994 and 1995 as scheduled, the guideline
harvest levels were reduced. Also, the area east of 163°W was closed to Tanner crab fishing to minimize the
bycatch of female red king crabs.
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This situation has prompted the North Pacific Fishery Management Council to examine ways to rebuild red king,
Tanner, and snow crab stocks in the Bering Sea. In September 1994, the Council recommended that NMFS
implement by emergency rule, a trawl closure area in Bristol Bay (162° to 164° W longitude, 56° to 57° N
latitude) to protect adult red king crabs. In September 1995, the Council adopted the same time/area closure
under Amendment 37. The preferred alternative was to close the area from January 1 to March 31 each year to
all non-pelagic trawling. In addition, the area bounded by 56°00" to 56°10" N latitude will be removed from the
closure parameters during the years in which a guideline harvest level for Bristol Bay red king crab is established.

In January 1995, the Council formed a committee to develop a rebuilding plan for Bering Sea crab stocks. The
committee synthesized available information on sources and magnitude of crab mortality and identified altemative
management strategies the Council might use to enhance the survival of crab stocks and thus promote rebuilding
(Witherell 1995). In addition to establishing the rebuilding committee, the Council initiated several analyses to
examine impacts of proposals to control crab bycatch in the groundfish fisheries (see Appendix 2). Among these
proposals are reduction of existing crab bycatch limits (with an option that the limits be based on crab
abundance), and initiation of bycatch limits for snow crab. The Council suggested specific altematives for PSC
bycatch limits be examined, based on input from it's Advisory Panel and a proposal by the State of Alaska.
Another proposal was to establish a trawl closure area in the northeast section of Bristol Bay (north of 58° N and
south of 162° W) to protect juvenile red king crab.

At its January 1996 meeting, the Council expressed serious concerns about the continued low abundance of
Bering Sea crab stocks. Based on 1995 NMFS survey data, the Council requested that NMFS take emergency
action to extend the Bristol Bay Red King Crab Savings Area traw! closure (adopted by inseason authority for
1996 from January 1 through March 31) to June 15 to protect red king crab during the molting and mating period.
The Council notified the public that it intended to revisit its previous action on Amendment 37 at the April
meeting, and requested staff to provide additional information on potential impacts of modifying the closure time
to 6 months or year-round. Additional information provided in this document is a supplement to the previous
analysis of Amendment 37. Because Amendment 37 has not yet been submitted to the Secretary, the Council may
reconsider its preferred alternative in April based on this additional information.

In addition, the Council requested that staff examine the suite of management measures (modified Crab Savings
Area, crab PSC bycatch limits, and northern Bristol Bay closure area) in one package, so that the impacts of these
measures can be analyzed in a comprehensive manner. An additional option (Tanner crab Alternative 3, Option
B), proposed by the Alaska Crab Coalition in January 1996, was also added to the analysis at the request of the
Council. The Council requested that its crab rebuilding committee review the document and provide scientific
advice and recommendations.

At its April 1996 meeting, the Council reviewed a draft EA/RIR of the suite of crab bycatch management
measures and released the document for public review with several modifications suggested by the Advisory
Panel and Crab Rebuilding Committee. Modifications include the addition of two closure options that would
continue to allow trawling in a portion of northern Bristol Bay, a 7-month closure for the Red King Crab Savings
Area, options for further reduced PSC caps, and recision of the trawl exemption area off Port Moller. These
modifications and revisions are included in this analysis.

At its June 1996 meeting, the Council took final action on several measures to protect the Bristol Bay red king
crab stock from possible impacts due to groundfish fisheries. These actions were bundled together as
Amendment 37. Based on its review of the draft EA/RIR and input from its advisory bodies and public
testimony, the Council rescinded its previous action on Amendment 37 and adopted a new preferred alternative
for a year round closure of the Red King Crab Savmgs Area (162° to 164° W, 56° to 57° N). Hence, the

p : A : . An extended
duratron of the closure penod pl’OVldBS for mcreased protcctlon of adult red kmg crab and their habitat. To allow
some access to productive rocksole fishing areas, the area bounded by 56° to 56°10' N latitude would remain open
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during the years in which a guideline harvest level for Bristol Bay red king crab is established. A separate
bycatch limit for this area would be established at no more than 35% of the red king crab prohibited species catch
(PSC) limits apportioned to the rocksole fishery.

To protect juvenile red king crab and critical rearing habitat, the Council recommended that all trawling be
prohlblted on a year-round ba31s in the nearshore watcrs of antol Bay. Hence, ncil' I'T

! eImE A n A as modified. Specifically, the area east
of 162° A (1 e., all of antol Bay) would be closed to trawhng, with the exception of an area bounded by 159°
to 160° W and 58° to 58°43'N that would remain open to trawling during the period April 1 to June 15 each year.
It was felt that such a closure area would protect known areas of juvenile red king crab habitat while at the same
time allow trawling in an area that can have high catches of flatfish and low bycatch of other species. The area
north of 58°43'N was closed to reduce bycatch of herring. The time window was specified to reduce bycatch of
halibut, which move into the nearshore area in June. In addition to establishing nearshore trawl closure areas,
the Council also recommended that NMFS rescind the regulation that allow trawling for Pacific cod in the area
off Port Moller, as these regulations are out of date given the current status of red king crab and scientific
knowledge of critical habitat.

Also in June 1996, the Council recommended modifying PSC limits for red king crab taken in trawl fisheries.
Specifically, the Council recommended adoption of a stairstep based PSC limit for red king crab in Zone 1. The
Council determined that a stairstep limit was preferable for this stock in that it addressed possible biases caused
by rate based limits and smoothed year-to-year variability , yet provided for reduced bycatch limits at low stock
sizes. These stairstep limits, originally recommended by the crab plan team, are based on both the number and
welght of crab s1m1lar to thc State's deﬁmtlon of threshold for Bristol Bay red king crab. Hence, the Council's

] : A ative 4. The Council's recommended PSC limits
would be based on abundance of Bristol Bay red kmg crab as follows:

(A) When the number of mature female red king is equal to or below the threshold number of 8.4 million
crab, or the effective spawning biomass (ESB) is less than 14.5 million pounds, the Zone 1 red king crab
PSC limit would be 35,000 crabs;

(B) when the number of mature female red king crab is above threshold, and the ESB is equal to or greater
than 14.5 but less than 55 million pounds, the Zone 1 red king crab PSC limit would be 100,000 crabs;
and

(C) when the number of mature female red king crab is above threshold, and the ESB is equal to or greater
than 55 million pounds, the Zone 1 red king crab PSC limit would be 200,000 crabs.

In years when red king crab in Bristol Bay are at or below the threshold of 8.4 million mature crabs, a PSC limit
of 35,000 red king crab would be established in Zone 1. This limit was based on the level of bycatch observed
in the 1995 flatfish fisheries operating in Zone 1 with the Red King Crab Savings Area closed to trawling. In
years when the stock is above threshold but below the target rebuilding level of 55 million pounds of effective
spawning biomass, a PSC limit of 100,000 red king crab would be established. The 100,000 crab PSC limit
corresponds to a 50% reduction from the current PSC limit, the same percentage reduction as applied by the
Alaska Board of Fisheries in 1996 to the harvest rate for the directed red king crab fishery when the stock is
above threshold but below 55 million pounds of effective spawning biomass. A 200,000 PSC limit would be
established in years when the Bristol Bay red king crab stock is rebuilt (above threshold and above 55 million
pounds of effective spawning biomass).

The Council did not make any recommendations regarding PSC limits for Tanner and snow crabs at its June
meeting. Rather, the Council formed an industry workgroup to review proposed PSC limits for these crab
species. The workgroup will also review allocation of crab PSC among trawl fisheries to gain an understanding
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of how proposed actions may affect PSC use. The workgroup will bring forth recommendations to the Council
at its September meeting at which time final action would be taken on proposed Tanner and snow crab PSC
limits. Any recommended changes to Tanner crab PSC limits, or establishment of PSC limits for snow crab,
would move forward as a seperate amendment.

The Council's discussion of crab bycatch management in June highlighted the need for additional information and
future assessment of management actions. The Council recommended that all vessels (including vessels using
pot and longline gear) fishing for groundfish in the Red King Crab Savings Area and the 159° to 160° area will
require 100% observer coverage. In addition, the Council recommended that closure areas and crab PSC limits
be re-evaluated on a regular basis because crab abundance and distribution change over time.

In addition, to maintain consistency with the Council's intent for implementation of Amendment 1 to the Fishery
Management Plan for the Scallop Fishery off Alaska (Scallop FMP) NMFS also proposes to amend regulations
at 679.62(d). The Council adopted Amendment 1 to the Scallop FMP in June of 1995 with publication of the
final rule implementing this amendment on July 23, 1996 (61 FR 38099). Under Section 2.5.5 of the Scallop
FMP the Council intended that areas closed to vessels fishing for groundfish with non-pelagic trawl gear to
protect red king crab or red king crab habitat would also be closed to scallop dredging to ensure protection of red
king crab. NMFS, therefore, is proposing to amend regulations at 679.62(d), to include the RKCSA and the
Nearshore Bristol Bay Trawl Closure area as areas that would also be closed to scallop dredging. Historical data
indicate that scallop fishing has not occurred in the RKCSA and the Nearshore Bristol Bay Trawl Closure area;
therefore, scallop vessels should not be affected by these closures.

20 DESCRIPTION OF MANAGEMENT MEASURE 1 (BRISTOL BAY RED KING CRAB
SAVINGS AREA) AND BACKGROUND INFORMATION

2.1 Problem Statement

The dates adopted by the Council in September 1995 for the Bristol Bay Red King Crab Savings Area trawl
closure zone, (Figure 2.1 ) does not encompass the entire molting and mating period of red king crabs.
Additionally, unobserved impacts of trawling on softshell crab may impact crab rebuilding and future crab
harvests by pot fisheries.

2.2.  Altemnatives Considered

Three main alternative were examined. In addition to the status quo, Alternative 1, additional impacts of a
seasonal and year-round closure, as well as an alternative that would seasonally open the northwest portion of
the Savings Area, were examined. These alternatives and options are detailed below.

2.2.1  Alternative 1: Status quo, no action. Amendment 37 would be submitted to the Secretary based
on the closure period adopted by the Council in September 1995. The Bristol Bay Red King
Crab Savings Area (162° to 164° W longitude, 56° to 57° N latitude) would be closed to non-
pelagic trawling from January 1 through March 31. The area bounded by 56° to 56°10' N
latitude would remain open during the years in which a guideline harvest level for Bristol Bay
red king crab is established.

222 Altemative 2: Extend closure period for the Bristol Bay Red King Crab Savings Area to
provide increased protection for red king crab. Amendment 37 would be submitted to the
Secretary based on one of the closure period options considered. [Note that under any option,
the area bounded by 56° to 56°10" N latitude would remain open during the years in which a
guideline harvest level for Bristol Bay red king crab is established.]
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Option A: Six month closure. Close the Bristol Bay Red King Crab Savings Area to
non-pelagic trawling from January 1 through June 15. The June 15 date corresponds
to the opening date for Area 516, which is the area from 162° to 163° W longitude.

Option B (Preferred): Year-round closure. Close the Bristol Bay Red King Crab
Savings Area to non-pelagic trawling from January 1 through December 31.

Option C: Seven month closure. Close the Bristol Bay Red King Crab Savings Area
to non-pelagic trawling from January 1 through August 1.

223  Alterpative 3: Close the area based on a modified version of the old pot sanctuary (Figure 2.2).
Boundaries of the closure would close all waters in the Bering Sea east of a line originating at
Cape Constantine, extending to 58°10' N, 160°W to 57°10'N, 163°W to 56°30'N, 163°W to
56°30'N, 164°W, then south to 56°N. After April 1, this closure would extend south to the
Alaska Peninsula. This option would require 100% observer coverage for fishing north of 58 °
and east of 162° and would be limited to May and June. Further, the area between 163° and
164° between 56°30" and 57°00" would not open until April 1 and would be closed upon
reaching a red king crab cap in a range of 5,000 to 15,000 red king crab. (Note this alternative
deals with both Bristol Bay Red King Crab Savings Area and nearshore Bristol Bay Trawl
Closure Area.) ‘

23 Background

This analysis includes only new information made available since the Council's September 1995 action on
Amendment 37. The EA/RIR draft for public review of Amendment 37, dated August 24, 1995, contained a
thorough analysis of alternative areas proposed for closure. The original proposal was for a year-round closure
(see section 1.2 of NPFMC 1995), however the document provided a significant amount of information on
bycatch and impacts on a week-by-week basis. At its January meeting, the Council notified the public that it
intended to revisit its previous action on Amendment 37 at the April meeting, and requested staff to provide
additional information on potential impacts of modifying the closure time to 6 months or year-round in duration.
At its April 1996 meeting, the Council added the option of a 7-month closure time, and added Alternative 3 for
analysis.

This document simply provides supplemental information the Council will take into account when reconsidering
their preferred alternative. Refer to the August 24, 1995 draft EA/RIR for more information.

24  Additional Information_

24.1 Biological Information

Additional data on the status and distribution of crab | Abundance of red king crab in from NMFS surveys,

from the 1995 NMFS trawl survey are available 1988-1995, Bristol Bay and Pribilof Areas combined.

(Stevens et al. 1996). The survey revealed that red MALES FEMALES

king crab remain concentrated in the Bristol Bay area, Juveniles  Prerec  Legal Small  Large

with lower abundance around Nunivak and the Pribilof | <0 o34 2135 =0 =

Islands (Figure 2.3) The survey indicated reduced | 1gq; 81 64 120 47 126

numbers of large red king crab (both sexes) in Bristol | 1992 70 55 5.8 2.2 13.4

Bay. Additionally, the abundance of mature females | 1993 5.7 10.2 9.8 2.5 19.2

was at or below threshold (8.4 million), and }gg;‘ BBy g-; g-z Zg Z-g 13'(‘)
. . ay . K .. K B

consequently, no fishery was permitted in 1995. The (Pribs) 0.2 07 26 0.1 24
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adjacent table shows the survey index for Bristol Bay and Pribilof Area red king crab by size category for the
past few years. Survey indices of abundance for juvenile males and small females were the highest observed in
several years. These crab may represent the comerstone of stock rebuilding, as protection of these crab through
maturity may pay off in terms of increased spawning and recruitment in future years.

Analysis of red king crab distribution data from 1993-1995 suggests that the Bristol Bay Red King Crab Savings
Area contains a significant portion of mature male red king crab (Table 2.1). Data indicate that about 40% of
the mature males and 30% of all males occur in the savings area. The western portion (163° to 164° W longitude)
of the area is comprised almost entirely of males, with less that 1/2% of the females found there. The eastern
portion (162° to 163° W longitude) of the savings area (contained in statistical area 516) is occupied by red king
crab of both sexes. Approximately 19% of the mature males and 17% of the mature females are found in the
castern portion. These data indicate that the Bristol Bay Red King Crab Savings Area provides substantial habitat
for mature red king crab.

Dr. Bob Otto NMFS-AFSC, Kodiak) has provided information on dates of occurrence for soft-shell king crabs.
These materials include some old literature (USFWS Fish. Leaf. nos. 340 and 361. INPFC Annu. Rept. 1963
and 1965), the logbook of the F/V Deep Sea for 1953 (a king crab trawler), data from NMFS winter surveys
(1981 and 1983), NMFS April 1976 trawl survey data and series of June data from the standard summer trawl
survey. These materials are not entirely comprehensive but provide a sampling over the entire history of domestic
king crab fishing in the eastern Bering Sea. They are sufficient to establish the spawning and molting period for
king crab in Bristol Bay, however.

Various size-sex-maturity groups that have been vulnerable to trawling or other commercial fishing gear have
been found in the process of molting or in a soft shell condition from the last week of January (NMFS trawl
survey data 1985) to the end of June (fishery Agency of Japan tangle net data 1960-1965). There is considerable
inter-annual variation in the timing of molting for various groups. For example, peak of the molting - mating
period for mature females may vary by about one month from one year to the next and the duration of this period
may be up to 3 months (26 to 56 days).

Within the first 3-4 years (generally well less than 80 mm carapace length, CL) both sexes may molt at any time
of year and the frequency of molting declines from 8-10 molts in the first year of life to perhaps twice in the year
leading up to the female primiparous (first maturity molt). The exact transition from multiple annual molts to
single annual molts is not known for the Bristol Bay population but seems to be correlated with the onset of
sexual maturity. Note also that juveniles smaller than 80 mm have not been commonly found in the area west
of 162° W longitude over the past 10 years although they were common, especially at stations immediately
adjacent to Unimak Island during the 1970s.

Among larger juveniles and adults, various size-sex-maturity groups molt at differing relative times in the late
winter to early summer period. As they approach maturity females (50% mature at 89 mm CL, ca 4-6 years
depending on thermal history), juveniles and all males tend to have a late winter-early spring molt. Mature
females spawning for the first time tend to molt early relative to multiple spawners which are generally last (May-
June) to molt and spawn in a given session.

Figures 2.4-2.5 illustrate the occurrence of soft-shelled king crab in late winter-spring NMFS surveys in 1976,
1983 and 1985. These data clearly showed that the onset on the molting period could be as early as late January
and that in 1976 molting was essentially complete in April for both red and blue king crab. Note especially that
red king crab in a wide range of sizes of both sexes were molting during late winter in 1983 and 1985. Figure
2.6 shows the percent of females carrying eyed embryos or empty cases (i.¢., the previous year's reproductive
products) in June of each year from 1975 through 1989 ( from Otto, MacIntosh and Cumminskey 1989). These
are females that had not yet molted in the given year and hence give a good indication of the inter-annual variation
in the timing of molting at least for females. Note also that, along with the January-February, this figure shows
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that molting occurred from February until at least June in 1983 and from the last week of January until at least
June in 1985. Similar variation has occurred in the June data in subsequent years. In 1995, NMFS had a unique
opportunity to look at crab in June due to'the survey funded by the Bering Sea Crab Survey Fund. Molting and
soft red king crab were still being taken on the last day, June 22, 1995, of this survey.

The bottom line is that for the size and sex groups likely to be encountered by survey or various types of
cominercial gear, the molting period may extend from late January to the end of June, and that timing varies by
something like a month from year to year. Timing of last molting/spawning (May or June) seems to be more
variable than the onset (ca February 1). After molting, it takes approximately 1 month for shells to harden from
a softshell to hardshelled condition, based on laboratory observations (Tom Shirley, University of Alaska,
personal communication).

Alternative 3 would provide habitat protection in nearshore areas, but may result in increased impacts on red
king crab because a portion of Area 512, Area 516, and the Red King Crab Savings Area would be open to
trawling. Survey data indicate that crab are found in abundance outside the Alternative 3 closure area (Table
2.2). Survey data, 1993-1995 indicate that about 38% of mature male and 12.5% of the mature female red king
crab are found outside the proposed closure area. About 8% of the stock occurs in the portion of Area 512 and
516 (the triangle area) that would be opén under this alternative. About 22% of the mature males (but almost
no females) occur in the northwest corner block of the Red King Crab Savings Area that is proposed to be open
after April 1 with a separate PSC cap. Although no king crab were taken in area south of 56° N and between 163°
and 164° W during the 1993-1995 summer trawl surveys, the area is still considered to be red king crab habitat
(B. Otto, NMFS, personal communication). '

2.4.2 Economic Information

As a supplement to Amendment 37 (Bristol Bay Red King Crab Savings Area) which examined a year round
closure of the red king crab savings area, the Bering Sea Fishery Simulation model was run to estimate the net
benefits to the nation from a three-month or a six-month closure to all trawling. In addition, the history of
directed fishing for yellowfin sole, flatfish, other flatfish, and rock sole in the closure area was examined from
Joint Venture (JV) fisheries (1986-1989). The complete 1994 dataset was available and has been included in
this section as well. The data are from observed hauls only (unexpanded) as has been presented in previous
analyses. The JV data differs from previous uses of the data in that target assignment uses the current definition
based on major species group. This may vary slightly from any reports based on the older algorithms for
assigning target such as Amendment 21b (Chinook salmon bycatch).

The Bering Sea Fishery Simulation Model results in Table 2.3 are for the entire season, for a three month closure
(Jan. 1 - April 1) and for a 5.5 month closure (Jan. 1 - June 15) for Alternative Areas 2-4. Alternative Areas
considered under Amendment 37 are detailed in the Executive Summary of the EA/RIR dated August 24, 1995
(sec Appendix 1). As with the initial analysis (Amendment 37), the model runs predicted no substantial change
in net benefits to the nation due to the closure from status quo (no closure). Under the initial runs with an annual
closure, the net benefits to the nations were estimated to increase from status quo by 1.4% under Alternative Area
3 (the preferred alternative; known as the Red King Crab Savings Area) based on the 1993 data. The net benefits
to the nation were estimated to decrease from status quo by 2.3% under Alternative Area 3 using the 1994 data.

Examining the impacts of seasonal closures, the estimated net benefits to the nation under a three month closure
increased by only approximately $10,000 over an annual closure, and the six month closure caused a $4,000
decrease in net benefits to the nation. Given the scale of revenues generated by BSAI fisheries, there is essentially
no difference between these closure periods. Similarly, model runs with the 1994 data estimated the seasonal
closures under Alternative Area 3 changed the net benefits to the nation by a negligible amount of less than
$1,000 from an annual closure. There were no estimated differences in net benefits to the nation between a 3

EA/RIR for BSAI Amendment 37 13 TJune 21, 1996




month closure and a six month closure using the 1994 data which indicates no fishing activity in the area between
March and July in 1994.

Table 2.4 provides the observed catch in metric tons, number of hauls, and observed bycatch in numbers of red
king crab, tanner crab, and halibut in the yellowfin sole, flatfish, other flatfish, and rock sole fisheries during the
period 1986-1994. The percentage of the total observed catch and bycatch that occurred within the Red King
Crab Savings Area in these domestic and JV fisheries are provided as well. Whereas only the first four months
of 1994 were available for inclusion in Amendment 37, the data provided in Table 2.4 are for the entire year.

The percentage of yellowfin sole catch within the Red King Crab Savings Area increased from approximately
10% in the 1986 JV fishery to approximately 80% in 1989 (See also Figure 2.7). The importance of the area
to the yellowfin sole JV fishery is in sharp contrast to that reported in Amendment 37. The domestic fisheries
for yellowfin sole, as reported in the EA/RIR, took less than 1% of their catch from the closed area in three of
the five years 1990 - 1994, and took 8% and 5% in 1992 and 1994, respectively. However, approximately 96%
of the yellowfin sole bycatch of red king crab was taken in the closure area in 1989, and the high bycatch of red
king crab was one of the reasons that the domestic fisheries for yellowfin sole and flatfish were delayed until May
1 between 1990 and 1993. In 1989, the majority of the yellowfin sole catch and bycatch of red king crab occurred
during the first two months of the year.

Between approximately 60% and 80% of the JV flatfish fishery bycatch of red king crab was from the closure
area in 1986, 1988 and 1989 (Table 2.4 and Figure 2.7). This percentage was reduced between 1990 and 1993,
possibly due to the delay of the flatfish season until May 1, but increased in 1994 to approximately 45% when
the season was changed back to January 20 (see Appendix 3 for history of season opening dates for the BSAI
yellowfin sole fishery). The increasing importance of the closure area to the rock sole fishery, as reported in
Amendment 37, was also apparent in the JV fisheries, and a fairly consistent percentage of red king crab bycatch
to come from the closure area (40% - 80%) is also evident.

It is interesting to note that, with few exceptions, the percentage of halibut taken within the Red King Crab
Savings Area is similar to the percentage of groundfish catch across fisheries. This indicates that the bycatch rate
for halibut is similar inside and outside of the closure area. By contrast , the percentage of red king crab within
the closure area is consistently higher than the catch percentage, and the percentage of Tanner crab bycatch is
consistently lower.

The Council's preferred alternative (decision of September 1995) also specified that the area bounded by 56° to
56°10' N latitude would remain open during the years in which a guideline harvest level for Bristol Bay red king
crab is established. This area has been productive to the rock sole fishery. The amount of groundfish taken in
the rock sole fishery coming from Zone 1 within this 10’ slice ranged from 13% to 35% during the years 1990-
1994. However, this area has also accounted for a relatively high percentage of the Zone 1 red king crab bycatch,
ranging from 12% to 47% during the same period.

R in 1 ive 3

The orientation of Alternative 3, which is an approximation of the historic pot sanctuary, does not correspond
with the boundaries of the Northern Bristol Bay closure, the Red King Crab Savings Area, or Areas 516 or 512,
making it difficult to compare this alternative with the others proposed (Figure 2.8). For instance, if the
percentage of directed catch within the pot sanctuary is similar to the percentage of directed catch within the Red
King Crab Savings Area, it is difficult to discern whether the similarity is because of the portion of the areas
which overlap or due to other factors such as coincidental additional fishing effort in northern Bristol Bay. It
is also not possible to know the potential bycatch implications of opening the northwest comer of Area 512 to
trawling since it has been closed since 1987. Similarly the impacts of opening the northern portion of Area 516
to trawling between March and June are unknown.
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The pot sanctuary (Alternative 3) excludes the northwest block of the Red King Crab Savings Area after March
31. Because the rock sole fishery had been mainly focused in the southern and eastern blocks of the Red King
Crab Savings area during the first 3 months of the year, the directed catch and bycatch of king crab are nearly
identical between the pot sanctuary and the Savings Area in the rock sole fishery (see Table 2.4 and Table 2.5).
Since the areas fished by the rock sole fishery are within an area shared by the two boundaries, the catch and
bycatch percentages between the two closure areas are comparable.

However, the yellowfin sole fishery utilizes portions of the Red King Crab Savings Area, the Northern Bristol
Bay area, and portions of Area 516 which had historically been available to the fishery. The yellowfin sole
fishery has also historically utilized the northwestern block of the Red King Crab Savings Area which is not
included in the pot sanctuary (Alternative 3). In 1987, most of the effort by the yellowfin sole fishery in the Red
King Crab Savings Area was in the northwest block, and 15% of directed catch and 6% of king crab bycatch came
from this block. These percentages are essentially the same as those for the Red King Crab Savings area in that
year (Table 2.4). As can be seen in Table 2.5, nearly 60% of the red king crab bycatch came from within
Alternative 3, the pot sanctuary in 1987. That year was one of the few in which directed fishing occurred in Area
516, and 77% of the yellowfin sole observed bycatch of red king crab were taken in the portion of Area 516 which
is north of the Red King Crab Savings Area during the month of April. The locations of the high bycatch hauls

are provided in Figure 2.9.

As was discussed previously, the yellowfin sole fishery took an increasingly greater portion of its directed catch -
from the Red King Crab Savings Area in the Joint Venture fisheries during the period 1986-1989. This is
reflected in the increasing proportions of catch and king crab bycatch within the Red King Crab Savings Area
(Table 2.4) and within the pot sanctuary approximated by Alternative 3 (Table 2.5) in each year.

In 1991, the yellowfin sole fishery did not fish in the Red King Crab Savings Area, and 27% of the king crab
taken in that fishery within the pot sanctuary (Alternative 3) were taken in the Northern Bristol Bay portion of
the sanctuary. In 1992 and 1993, essentially all of the red king crab taken in the Red King Crab Savings Area
were taken in the northwestern block not included in the pot sanctuary (27% and 17%, respectively), and virtually
no king crab were taken within the proposed Alternative 3, because all of the effort was in the northwestern block
of the Savings Area.

Compared with catch percentages, the highest bycatch percentages of red king crab taken by the yellowfin sole
fishery occur within the Red King Crab Savings Area, and in the portion of the proposed Northern Bristol Bay
closure area outside of the two blocks under Option A (See section 5). Relatively high percentages of king crab
bycatch have also occurred in the northwest block of the Red King Crab Savings Area not included in the area
bounded by Alternative 3, as well as in Area 516.

The extension of the pot sanctuary (Alternative 3) south of 56° N latitude to the Alaska Peninsula and east of
164° W longitude to Area 512 would not impact the yellowfin sole fishery since there has historically been little
fishing activity by the fishery in that area (Table 2.5). The rock sole fishery is concluded prior to the proposed
closure date (April 1) of this area, and the impacts on the flatfish or other flatfish fisheries would be negligible
because these fisheries have rarely fished in the area after March in any year.
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3.0 DESCRIPTION OF MANAGEMENT MEASURE 2 (MODIFY CRAB PSC BYCATCH LIMITS)
AND BACKGROUND INFORMATION

3.1 Problem Statement

Bycatch limits for red king crab and Tanner crab established for Bering Sea fisheries may be too high given
current status of crab stocks, and bycatch may impact crab rebuilding and future crab harvests by pot fisheries.
Bycatch limits for snow crab have not been established.

3.2.  Alternatives Considered

Three main altenatives were examined for each of the three crab species. In addition to the status quo,
Alternative 1, the impacts of a reduced fixed bycatch limit and floating caps were examined. These alternatives,
shown graphically by Figures 3.1-3.4, are listed separately for each crab species.

3.2.1 REDKING CRAB

Alterpative 1: Status quo, no action. PSC limits would remain at 200,000 red king crab in
Bycatch Limitation Zone 1.

Alternative 2: Reduce PSC limits of red king crab. PSC limits would be reduced to a fixed level
at 180,000 red king crab based on a three year average (1992-1994)

Option A: Further reduce the red king crab PSC limit in Zone 1 to 35,000 crab, which
was the number of red king crab bycaught in 1995 within Zone 1.

Alternative 3: Establish PSC limits for red king crab that fluctuate with crab abundance.
Annual PSC limits would be set as a percentage of the total population indexed by the NMFS
bottom trawl survey’. Limits would be established based on a rate specified, within the range
0.1-1.0% of red king crab in the Bristol Bay District.

Option A: Set a fixed upper limit for PSC at 200,000 red king crab in Zone 1.

Alternative 4 (Preferred): Establish a stairstep based PSC limit for red king crab in Zone 1.
PSC limits would be based on abundance of Bristol Bay red king crab as follows:

(A) When the number of mature female red king is equal to or below the threshold number
of 8.4 million crab, or the effective spawning biomass (ESB) is less than 14.5 million
pounds, the Zone 1 red king crab PSC limit would be 35,000 crabs;

(B) when the number of mature female red king crab is above threshold, and the ESB is
equal to or greater than 14.5 but less than 55 million pounds, the Zone 1 red king crab
PSC limit would be 100,000 crabs; and

(C) when the number of mature female red king crab is above threshold, and the ESB is
equal to or greater than 55 million pounds, the Zone 1 red king crab PSC limit would
be 200,000 crabs.

1Total population index is the sum of all size/sex groups, which are calculated by extrapolating the average CPUE of each
size/sex group over the geographic area of each district.
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3.22 TANNER CRAB

Alternative 1: Status quo, no action ncil' ferred Al i n ). PSC
limits would remain at 1,000,000 Tanner crab in Zone 1, and 3,000,000 Tanner crab in Zone
2.

Altemative 2: Reduce PSC limits of Tanner crab. PSC limits would be reduced to a fixed level
of 900,000 Tanner crab in Zone 1, and within the range of 1,500,000 to 2,100,000 Tanner crab
in Zone 2.

Alternative 3: Establish PSC limits for crab that fluctuate with crab abundance. Annual PSC
limits would be set as a percentage of the total population indexed by the NMFS bottom trawl
survey. Limits would be established based on a rate specified, within the range 0.10-2.0% of
Tanner crab in the Eastern District, as indexed by the survey. PSC limits for each zone would
be set either by apportioning the overall cap among the zones (25% to Zone 1 and 75% to Zone
2) or by setting separate PSC rates for each zone, rather than apportionment of a single rate.

Option A: Set a fixed upper limit for Tanner crab PSC at 1,000,000 Tanner crab in
Zone 1, and 3,000,000 Tanner crab in Zone 2.

Option B: Establish PSC limits for Tanner crab based on abundance thresholds.
Limits would be set as a percentage of population when abundance is less than 100
million crab. In years when Tanner crab abundance is more than 100 million, but less
than 250 million, PSC limits would be established at 850,000 Tanner crab in Zone 1,
and 1,500,000 in Zone 2. In years when Tanner crab abundance is more than 250
million, but less than 500 million, PSC limits would be established at 900,000 Tanner
crab in Zone 1, and 2,300,000 in Zone 2. In years when Tanner crab abundance
exceeds 500 million, PSC limits would be established at 1,000,000 Tanner crab in
Zone 1, and 3,000,000 in Zone 2.

323 SNOW CRAB

Alternative 1: Status quo, no action ncil's Preferred Al i ne 1996). No PSC
limits would be set for snow crab.

Alternative 2: Establish a fixed PSC limit for snow crab. Based on a three year average (1992-
1994), a PSC limit would be established at a fixed level of 11,000,000 snow crab in Zone 2.
No snow crab PSC limit would be established for Zone 1, as bycatch in this area has been
minuscule by comparison.

Option A: Establish PSC limit at 6 million snow crab in Zone 2.

Alternative 3: Establish snow crab PSC limits for snow crab that fluctuate with crab
abundance. Annual PSC limits would be set as a percentage of the NMFS bottom trawl survey
index. Limits for Zone 2 would be set at a percentage within the range 0.005 to 0.25% of the
snow crab total population index (all districts combined). No snow crab PSC limit would be
established for Zone 1. :

Option A: Set fixed upper limit for PSC at 12 million snow crab in Zone 2.

EA/RIR for BSAI Amendment 37 17 June 21, 1996




33 Background

In January 1995, the Council initiated several analyses to examine impacts of proposals to control crab bycatch
in the groundfish fisheries. Among these proposals is a reduction of existing crab bycatch limits (with an option
that the limits be based on crab abundance), and initiation of bycatch limits for snow crab. The Council
suggested specific alternatives for PSC bycatch limits be examined, based on input from it's Advisory Panel and
a proposal by the State of Alaska.

At its January 1996 meeting, the Council requested that staff examine the suite of management measures
(modified Crab Savings Area, crab PSC bycatch limits, and northern Bristol Bay closure area) in one package,
so that the impacts of these measures can be analyzed in a comprehensive manner. An additional option of
establishing PSC limits for Tanner crab based on abundance thresholds, was proposed by the Alaska Crab
Coalition in January 1996, and was added to the analysis at the request of the Council. One set of possible
thresholds is analyzed as Alternative 3, Option B.

The threshold limits proposed under Tanner crab Alternative 3, Option B were developed from historical bycatch
data. The lower threshold "steps" were based on average levels of bycatch observed when Tanner crab abundance
was at that level. For Step 1 (100-250 million crab), the proposed PSC limit (850,000 Tanner crab in Zone 1,
and 1,500,000 in Zone 2) would be established at approximately the average bycatch observed for 1994 and
1995. Average abundance in 1994/1995 was 191 million crab of all sizes. For Step 2 (250-500 million crab),
the proposed PSC limit (900,000 Tanner crab in Zone 1, and 2,300,000 in Zone 2) would be established at levels
intermediate between Steps 1 and 3. These levels for Step 2 are slightly lower levels than the average bycatch
observed for 1992 and 1993. Average abundance of Tanner crab in 1992/1993 was 347 million crabs of all
sizes. For Step 3 (years when Tanner crab abundance exceeds 500 million), PSC limits would be established at
1,000,000 Tanner crab in Zone 1, and 3,000,000 in Zone 2. These are the current PSC limits, which were
negotiated in 1988 when abundance exceeded 500 million Tanner crabs.

Because over a year had passed before the Council had time available to address crab bycatch management, the
analysts made several modifications to the Council's specified alternatives for proposed management measure
2. First, red king crab Alternative 2, Option A was added because implementation of the Bristol Bay Red King
Crab Savings Area had greatly reduced bycatch of red king crab in Zone 1. Second, under Tanner crab
Alternative 2, PSC limits for Tanner crab were based on a 2-year average (1993-94) rather than a three year
average. An obvious trend in bycatch reduction from 1992 through 1994 was observed, and 1995 bycatch was
about the level proposed under this alternative.

Atits April 1996 meeting, the Council modified the altematives to include reduced PSC limits for Tanner crab
and snow crab. The range of PSC rates for red king crab and Tanner crab were also reduced, as data indicated
that bycatch in 1995 was much lower than in previous years. The Council also requested the analysts also
include some discussion regarding the Crab Rebuilding Committee's recommendation that PSC limits proposed
under Alternative 3 be based on survey index of adult crab, rather than total population. The SSC noted that
modification of PSC rates should occur as a separate, follow-up amendment.

Red king crab Alternative 4 was developed by the BSAI Crab Plan Team at its June 1996 meeting. The Team
noted the SSC also had concerns with PSC limits based on an index of the entire crab population abundance and
concurred with the SSC that new PSC limits should be analyzed in the future using more representative
“currency”. The Team concluded that a currency based on both number and weight of crab similar to the State’s
definition of threshold for Bristol Bay red king crab was an improvement over just using numbers of crab. The
Council identified red king crab Alternative 4 as its preferred alternative for this species at its June 1996 meeting.
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No action was taken on bycatch limits for Tanner and snow crab at the June Council meeting. However, the
Council indicated that action other than status quo may be taken in September 1996. If adopted, these measures
would move forward as a seperate plan amendment.

3.3.1 Bycatch Management

In harvesting groundfish, fisheries catch crab incidentally as bycatch. Among the objectives of the BSAI
groundfish FMP is minimizing the impact of groundfish fisheries on crab and other prohibited species, while
providing for rational and optimal use of the region's fishery resources. All gear types used to catch groundfish
have some potential to catch crab incidentally, but the large majority of crab bycatch occurs in dredge and trawl
fisheries.

Fishery managers and crab fishing representatives have been concerned with mortality of crab captured
incidentally in scallop dredge and groundfish trawl fisheries and its impact on crab stocks (NPFMC 1986,
Thomson 1989, NPFMC 1995). To address these concerns, crab bycatch limits were established for trawl
fisheries beginning in 1986. Bycatch limits (termed Prohibited Species Catch limits, or PSC) for crab are
apportioned into limitation zones (Figure 3.5), and allocated among groundfish trawl fisheries. Current crab
PSC limits are 1,000,000 Tanner crab and 200,000 red king crab in Zone 1 and 3,000,000 Tanner crab in Zone
2. To allocate total groundfish harvest under established PSC limits, PSC is apportioned among trawl fisheries
during the annual specification process (e.g., Table 3.1). When a target fishery attains a PSC apportionment or
seasonal allocation specified in regulations, the bycatch zone to which the allocation applies closes to that target
fishery for the remainder of the season. '

Crab bycatch management has become increasingly complex over the past ten years. Bycatch limits for domestic
fisheries were first established in 1987 under BSAI groundfish FMP Amendment 10, which specified red king
crab and Tanner crab PSC limits for the yellowfin sole/other flatfish fishery only (NPFMC 1986). PSC limits
of 135,000 red king crab and 80,000 Tanner crab in Zone 1, and 326,000 Tanner crab in Zone 2 were negotiated
between representatives of crab and groundfish fishermen. In 1989, under FMP Amendment 12a, crab PSC
limits were extended to the remaining trawl fisheries and crab PSC limits were increased to the current levels.
These limits were further apportioned among joint-venture (JV) flatfish fisheries, other JV fisheries, domestic
flatfish fisheries, and other domestic fisheries. FMP Amendment 16, adopted in 1990, authorized seasonal
apportionment of PSC limits, and apportioned the trawl PSC limits for 1991 into allowances for domestic turbot,
rock sole, yellowfin sole/other flatfish, other domestic groundfish, and JV flatfish. More recently, PSC limits for
crab have been apportioned among the following trawl fisheries: yellowfin sole, rock sole/other flatfish,
turbot/sablefish/arrowtooth, rockfish, Pacific cod, and pollock/Atka mackerel/other species. In 1996, crab PSC
was also seasonally apportioned for the first time.

In addition to red king crab and Tanner crab, PSC bycatch limits for trawl fisheries are also established for Pacific
halibut, Pacific herring, chinook salmon, and chum salmon. Halibut PSC is measured in metric tons of halibut
mortality and allocated among trawl (3,775 mt) and hook & line (900 mt) gear. The annual trawl halibut PSC
is allocated among the Pacific cod, yellowfin sole, rock sole, pollock/mackerel/other species, rockfish, and
sablefish/turbot/arrowtooth fisheries. Both the trawl and hook and line PSC limits are seasonally allocated among
fisheries. When a fishery exceeds its seasonal limit, the entire Bering Sea is closed for that fishery for the
remainder of the season. The herring PSC limit is set at 1% of stock biomass. Attainment of herring PSC limits
triggers seasonal trawl closures of one or all of the three designated Herring Savings Areas. The chinook PSC
limit is 48,000 chinook salmon, which when reached would trigger three trawl closure areas. These areas would
then re-open to trawling on April 16th for the remainder of the year. A chum salmon PSC reduction plan was
established by Amendment 35. Under this plan, the Chum Salmon Savings Area is closed from August 1 to
September 1, but this area opens September 2, until a 42,000 cap is reached (accounting to begin August 15 in
the catcher vessel operational area). A triggered closure area reopens to trawling on October 15th.
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Halibut PSC is the primary limiting factor for most fisheries harvesting groundfish (Smith 1992, 1993). In the
majority of the groundfish fisheries the PSC closure is caused by attainment of the halibut PSC. In 1995, with
the exception of Zone 1 Tanner crab PSC closures for yellowfin sole and Pacific cod, all of the Prohibited Species
closures were caused by halibut. Halibut PSC also restricts the attainment of red king and Tanner crab PSC
limits. Without the restrictive halibut PSC limits, the bycatch of both red king and Tanner crab could reach the
full crab PSC.

In addition to crab PSC limits, other measures have been taken to reduce the incidental capture of crabs in
groundfish fisheries, including a vessel incentive program (VIP) and gear restrictions. The intended effect of the
VIP program is to increase the opportunity to harvest groundfish TACs (quotas) before established PSC limits
are reached. The VIP program is based on specification of bycatch rate standards that, when exceeded, constitute
a violation of the regulations implementing the VIP. In the BSAI, current bycatch rate standards are 2.5 red king
crabs per ton of groundfish in the yellowfin sole and non-pollock trawl fisheries in Zone 1. Very few cases have
been prosecuted for VIP violations, however. Minimum mesh sizes regulations recently adopted for trawl
fisheries may reduce the bycatch of juvenile crabs. Gear restrictions have been implemented in the groundfish
pot fishery to reduce the potential for ghost fishing by lost pots by requiring a biodegradable panel constructed
of # 30 or less cotton thread that is a minimum of 18" long, parallel to and within 6" of the bottom of each pot.

Crab PSC limits have also been established for scallop dredge fisheries. Crab bycatch caps were instituted by
the State for the weathervane scallop fishery beginning in 1993, along with a mandatory observer program (100%
coverage). In areas other than the Bering Sea, crab bycatch caps were set at 1% of the population if the crab
fishery was open, and 1/2% the population if the crab fishery was not open. In the Bering Sea, crab bycatch caps
were based on a preferred bycatch rate, extrapolated to a limit based on the projected number of vessels
participating and limited season length. For 1994, Bering Sea crab caps were 260,000 Tanner crab and 17,000
red king crab. Crab bycatch limits were also adopted by the Council in June 1995 as part of Amendment 1 to
the Federal scallop FMP. For the Bering Sea scallop fishery, crab PSC limits would be set annually as a
percentage of the NMFS survey abundance index of Tanner crab (0.13542%) and snow crab (0.003176%).
These allowable bycatch percentages equated to about 260,000 Tanner crab and 300,000 snow crab based on
1994 abundance. A PSC limit for red king crab within the range of 500 to 3,000 crab would be set during the
annual specification process. If approved by the Secretary, Amendment 1 is scheduled to be implemented in
August 1996.

3.3.2  Biology of Major Bering Sea Crab Resources
Red King Cr

Growth and maturation of red king crab are size and age dependent. King crab molt from 8 to 11 times during
the first year and 8 more times by the age of 3 after which molting is annual. At larger sizes, king crab may skip
molt as growth slows. Average growth increment for mature crabs between molts is 16-20 mm. Mean age at
recruitment is 8-9 years (McCoughran and Powell 1977). Females grow slower and do not get as large as males
(Table 3.2). Sexual maturity is reached at approximately 7 years (Schmidt and Pengilly 1990). Fifty percent
maturity is attained males at 120 mm carapace length and 90 mm for females (Otto et al. 1980). Red king crab
mate when they enter shallower waters (<50 m), generally beginning in January and continuing through June.
Males grasp females just prior to female molting at which time the female is grasped and eggs (43,000 to 500,000
eggs) are fertilized and extruded on the female abdomen. The female red king crab carries the eggs for 11 months
before they hatch, generally in April.

An overview of year-class strength formation and survival of Bristol Bay red king crab is provided by Tyler and
Kruse (1995b). After hatching, crab larvae drift generally from the spawning area nearshore along Unimak Island
and the Alaska Peninsula in the direction of Bristol Bay (Armstrong et al. 1993). Red king crab spend 3 to 4.5
months in larval stages before settling to the benthic life stage . Young-of-the-year crab occur at depths of 50 m
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or less. They are solitary and need high relief habitat or coarse substrate such as boulders, cobble, shell hash, and
living substrates such as bryozoans and stalked ascidians (Jewett and Onuf 1988, Stevens et al. 1992, Armstrong
et al. 1993). McMurray et al. (1984) found that biological parameters were better correlated with juvenile crab
distributions than were physical parameters. Age 0+ to two year old crab were statistically correlated with sea
urchin biomass, and older juvenile crab were correlated with sea onion biomass (McMurray et al. 1984). Citing
McMurray, in absence of epifauna, age 1+ crab were found to prefer medium-size rock over gravel, sand or small
rocks, however the preference was for epifauna when available (Jewett and Onuf 1988). The survival of 1-yr-old
crabs was found to be related to cohort density and cover, with mortality due to density (cannibalism) being
significant only when no cover was available (Rounds et al. 1989).

Habitat requirements for red king crab are much different for older age crab. Between the ages of two and four
years, there is a decreasing reliance on habitat and a tendency for the crab to form pods consisting of thousands
of crab (Jewett and Onuf 1989, Dew 1990, Stone et al. 1993). Podding continues until approximately 65 mm
or four years of age when the crab move to deeper water (>50 m) and join adults in the spring migration to
shallow water for spawning and deep water for the remainder of the year. Adult red king crab generally live in
deeper waters. Distribution of adult male red king crab in Bristol Bay is shown by Figure 3.6.

Natural mortality of adult red king crab is estimated at about 25% per year (M=0.3), due to old age, disease, and
predation. There is little information available on red king crab predators across the range of life-stages (Jewett
and Onuf 1988). Haflinger and McRoy (1983) reported on consumption of crab glaucothoe larvae in numbers
which Jewett and Onuf (1988) considered to be insignificant. Livingston (1989) reported on Pacific cod
predation of molting red king crab of which Livingston states that the percentages removed by cod form a small
and declining part of the total population decline.

Tanner Crab

Tanner crab (C. bairdi) are distributed on the continental shelf of the North Pacific Ocean and Bering Sea from
Kamchatka to Oregon. Off Alaska, Tanner crab are concentrated around the Pribilof Islands and immediately
north of the Alaska Peninsula (Figure 3.6), and are found in lower abundance in the Gulf of Alaska. Tanner crab
grow rapidly, with large molt increments (Table 3.2). Size at 50% maturity, as measured by carapace width, is
110 mm for males and 90 mm for females. The corresponding age of maturity for male BSAI Tanner crab is
about 6 years. Growth during the next molt increases the size of males to about 120-140 mm. Mature male
Tanner crabs may skip a year of molting before attaining legal-size (Donaldson et al. 1981). The minimum
harvest size is 140 mm (5.5", or about age 7). Natural mortality of adult Tanner crab is estimated at about 25%
per year (M=0.3).

Tanner crab females are known to form high-density mating aggregations, consisting of hundred of crabs per
mound. These mounds may provide protection from predators and also attract males for mating (Stevens et al.
1994). Mating need not occur every year, as female Tanner crabs can retain viable sperm in spermathecae up
to 2 years or more (Paul 1984).

Snow Crab

Snow crabs are distributed on the continental shelf of the Bering Sea, Chukchi Sea, and in the western Atlantic
Ocean as far south as Maine. In the Bering Sea, snow crabs are rare at depths greater than 200 meters (Figure
3.6). The eastern Bering Sea (EBS) population within U.S. waters is managed as a single stock, however, the
distribution of the population extends into Russian waters to an unknown degree.

Growth patterns of snow crab in the EBS are extremely complex and not well understood. While 50% of the
females are mature at S0 mm, the mean size of mature females varies from year to year over a range of 63 mm
to 72 mm carapace width (CW). Females cease growing with a terminal molt upon reaching maturity, and rarely
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exceed 80 mm CW. Males similarly cease growing upon reaching a terminal molt when they acquire the large
claw characteristic of maturity. The median size of maturity for males is 65 mm CW (approximately 4 years
old). Males larger than 60 mm grow at about 20 mm per molt, but individuals vary widely in this regard.
Average width at age is shown in Table 3.2.

Only adult males are harvested. Average sizes of crab taken in the EBS fishery ranged from 105 mm to 118 mm
(0.5 kg t0 0.63 kg) for the years 1977 to 1994. In recent years, only 1% of snow crabs harvested in the fishery
exceeded 140 mm. The legal size limit is 78 mm and is thought to allow at least one opportunity to breed based
upon a median size of maturity of 65 mm CW. Small males are not marketable and processors traditionally have
not purchased crabs smaller than 102 mm CW (4.0 inches).

Female snow crabs are able to store spermatophores in seminal vesicles and fertilize subsequent egg clutches
without mating. At least two clutches can be fertilized from stored spermatophores, but the frequency of this
occurring in nature is not known. Presumably, this reproductive strategy evolved to maintain reproductive
potential of populations at times when distributional factors prevent females from finding mates.

Snow crab feed on an extensive variety of benthic organisms including bivalves, brittle stars, crustaceans
(including other snow crabs), polychaeta and other worms, gastropods, and fish. In turn, they are consumed by
a wide variety of predators including Pacific cod, halibut and other flatfish, eel pouts, sculpins, and skates. In
the northern part of the range, they are preyed upon by bearded seals and sometimes make up all of the seal's
stomach contents.

333 M nt of Beri k.

Offshore areas of Bristol Bay have supported large fisheries for red king crab, Tanner crab, and snow crab. In
the past few years, however, these stocks have declined to low levels, such that no fishery for king or Tanner
crabs occurred in Bristol Bay east of 163° W in 1994 or 1995.

Crab stocks in the Bering Sea are managed by the State of Alaska through a federal BSAI king and Tanner crab
fishery management plan (FMP). Under the FMP, management measures fall into three categories: (1) those that
are fixed in the FMP and under Council control, (2) those that are framework measures that the State can change
following criteria outlined in the FMP, and (3) those measures under complete discretion of the State. Under this
plan, conservation and rebuilding of crab is mainly at the State's discretion.

The State sets pre-season guideline harvest levels for red king crab, Tanner crab, and snow crab. For red king
crab, harvest rates have been set based on a mature male harvest rate of 20%, with a harvest cap of 60% of legal
male abundance (Pengilly and Schmidt 1995). The Alaska Board of Fisheries recently approved reducing the

harvest rate for Bristol Bay ] .
red king crabs to 10% of the Management measures used to manage king and Tanner crabs in the BS/AI

t unit .
mature males to allow stock management unit category

rebuilding (see Appendix 6).| Category 1 Category 2 Category 3
Minimum legal size for Bristol| (Fixed in FMP) (Frameworked in FMP), {Discretion of State)
Bay red king crab is 165 mm,
or Y 6.5 i i . * Legal Gear * Minimum Size Limits * Reporting Requirements
e MCRES 1N Carapace| « perm;s Requirements * Guideline Harvest Levels  * Gear Placement and Removal
width. [Note: 165 mm| * Federal Observer * Inseason Adjustments * Gear Storage
carapace width corresponds to]  Requirements * Districts, Subdistricts * Gear Modifications
a 137 mm carapace length for * Limited Access and Sections * Vessel Tank Inspections
. . * Norton Sound * Fishing Seasons * State Observer Requirements
antql Bay red lgng crabs Superexclusive * Sex Restrictions * Bycatch Limits (in crab
(Pengilly and Schmidt 1995).] Registration * Closed Waters fisheries)
Harvest rates for Tanner crab|  Area * Pot Limits * Other
and snow crab are set based on * Registration Areas
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a mature male harvest rate of 40% for Tanner crab and 58% for snow crab larger than 4 inches (D. Pengilly,
ADF&G, personal communication). Minimum legal size for Bering Sea Tanner crab is 140 mm (5.5 inches)
carapace width, Although the minimum legal carapace width for snow crab is 78 mm (3 inches), the fishery
generally harvests snow crab larger than 4 inches. [Note in 1995, for example, about 18.8% of snow crabs
harvested were <4" (R. Morrison, pers. comm.).]

In addition to minimum size and sex restrictions, the State has instituted numerous other regulations for the
Eastern Bering Sea crab fisheries. The State requires vessels to register with the state by obtaining licenses and
permits, and register for each fishery and each area. Observers are required on all vessels processing crab in the
BSAL Season opening dates are set to maximize yield per recruit and minimize handling of softshell crabs. The
season opening date for Tanner crab and Bristol Bay red king crab fisheries is November 1. The snow crab
fishery opens January 15. Pot limits have been established based on vessel size. For these fisheries, the pot
limits are 250 for vessels > 125 feet, and 200 for vessels < 125 feet. Gear restrictions have been implemented
to reduce bycatch of non-target crab. A 3" maximum tunnel height opening for Tanner and snow crab fisheries
inhibits bycatch of red king crab. A minimum mesh size of 7.75" stretched is required for Bristol Bay red king
crab fishery. Escape rings were recently adopted by the Board to reduce capture and handling mortality of non-
target crab (see Appendix 6). Other gear restrictions include a requirement that crab pots be fitted with a
degradable escape mechanism consisting of #30 cotton thread or a 30-day galvanic timed release mechanism.
Degradable escape mechanisms are designed to reduce ghost fishing by lost pots.

Red King Crab

After declining abundance throughout the 1960's and reaching a low during the years 1970-1972, recruitment
to the Bristol Bay red king crab stock increased dramatically. New all-time record landings were established in
each year from 1977 to 1980 (Figure 3.7), followed by an abrupt decline in 1981 and 1982. Removals of legal
males exceeded the 20% harvest rate in 1980 and 1981, and these high harvest rates contributed to the crash of
this stock (Zheng et al. 1995). The stock collapse led to a closure of the Bristol Bay fishery in 1983. In 1984
the stock showed some recovery and a limited fishery was reestablished. Between 1984 and 1993, the fishery
continued at levels considerably below those of the late 1970's. Landings during this period ranged from 0.8
million crab to 3.1 million crab. Catches exceeded the 20% mature male harvest rate in 1990, 1991, and 1993
(Zheng et al. 1995). After 1993, the stock declined again, and no fishery occurred in 1994 and 1995.

The fishery was canceled due to low abundance of females. The abundance index for mature female crab fell
from 14.2 million crab in 1993 to 7.5 million crab in 1994, and was hence below the threshold value of 8.4
million crab established pursuant to the Fishery Management Plan for King and Tanner crabs in the Bering Sea
and Aleutian Islands. Adult male abundance also declined. The 1994 abundance index for legal male Bristol Bay
red king crab was 5.5 million crab as compared to 7.3 million in 1993 (Table 3.3). These declines were
corroborated by the length-based assessment model that was newly developed by the Alaska Department of Fish
and Game (Zheng et al. 1994)(Table 3.4). Because the abundance of female crab was below threshold, the
Bristol Bay red king crab fishery was closed in 1994, as was the fishery for Tanner crab in Zone 1 east of 163°
West longitude. The red king crab fishery remained closed in 1995, as the 1995 NMFS survey indicated a female
stock size at or below threshold. The Bristol Bay red king crab stock continues to suffer from a long period of
low recruitment abundance indices for juvenile crab (Figure 3.8).

Tanner Crab

The eastern Bering Sea Tanner crab (C. bairdi) stock is currently at very low abundance (Table 3.5). The 1995
NMFS bottom trawl survey indicated relatively low levels of juveniles, pre-recruits, females, and large males
(Figure 3.8). The 1995 Tanner crab season produced only 4.5 million pounds for the 196 vessels participating.
This is the lowest catch since the fishery reopened in 1988. The stock is at historic low levels, and ADF&G is
considering curtailment of the fishery in 1996. \
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The Bering Sea Tanner stock has undergone two large fluctuations. Catches increased from 5 million pounds
in 1965 to over 78 million pounds in 1977 (Figure 3.7). After that, the stock declined to the point where no
fishery occurred in 1986 and 1987. The fishery reopened in 1988, and landings increased to over 51 million
pounds in 1991. Another decline ensued, and 1995 landings were only 4.2 million pounds.

Snow Crab

Abundance of large male snow crab increased dramatically from 1983 to 1991, but has since declined (Figure
3.8). The 1993 NMFS Bering Sea trawl survey indicated the total abundance of large males (over 4 inches) at
135 million crab, a 48% decrease from 1992. Small (3-4") legal-size males also declined in the abundance,
consistent with the decline in large males observed since 1991. The 1995 NMFS bottom trawl survey indicated
relatively low levels of large male crab. However, the survey indicated an 88% increase in the numbers of pre-
recruits, and a 44% increase in the number of large females (Table 3.6). These promising signs indicate strong
recruitment in the next few years. .

Catch of Bering Sea snow crab (C. opilio) increased from under 1 million pounds in 1974 to over 315 million
pounds in 1992. The 1992 peak catch was followed by reduced landings thereafter (Figure 3.7). The stock is
currently at low abundance, but is expected to increase in coming years. The 1996 opilio fishery opened on
January 15 with a preseason guideline harvest level of 50.7 million pounds. A total of 57.8 million pounds of
snow crab were harvested.

334  Bycatch of Crab in Groundfish Trawl Fisheries

Crab bycatch is estimated by the National Marine Fisheries Service through the groundfish Observer Program.
Observer coverage depends on vessel length; 100% observers on vessels > 125 feet, 30% coverage on vessels
60-125 feet, and 0% coverage on vessels <60 feet. Shoreside processors have 100% coverage. 100% coverage
means that an observer is always onboard; it does not mean that every haul or landing is observed.

On trawl vessels, observers sample about 3 to 4 tows per 24 hour period, which equate to about 50-60% of the
hauls observed on at sea processing vessels with 100% observer coverage. The tows to be sampled are pre-
selected based on a random sequence. The two primary goals of biological sampling for the observer is to
estimate total catch size and to determine species composition of the catch. Catch size is generally estimated
volumetrically based on codend size and fullness. Species composition is estimated from basket samples or by
whole haul samples. For basket samples, a 300 kg sample (about 8 baskets) is randomly taken from the catch
(usually from holding bin below deck). The observer weighs each component of the sample. Crabs are counted
and a portion of these sexed and weighed. Sampling for crab length frequency has not been a priority item for
observers, and consequently data are sparse. Catch data are reported on a haul by haul basis to the NMFS-AFSC
Observer Program in Seattle, where the sampled haul data are extrapolated to the entire catch. From there, the
information is forwarded to NMFS in-season management division, where it is run through the BLEND program
to estimate total catch. The observed PSC bycaich rate is then applied to total catch to get PSC bycatch numbers
that are reported on the Bulletin Board and used for bycatch management.

3.3.4.1 Number of Crab Taken as Bycatch in Groundfish Fisheries

Bycatch data for crab are available for the 1992-1995 groundfish trawl fisheries in the BSAI by target fishery
and regulatory areas (Tables 3.7-3.10). Regulatory areas are shown in Figure 3.9. The observer data base
categorizes crab bycatch into king crab, Tanner crab (C, bairdi), and "other" crab categories. In the Bering Sea,
the "other" crab category is comprised almost entirely of snow crab(C. opilio), whereas in the GOA, "other” crab
consists mostly of C. tapperi and C, angulatus, with the bycatch of snow crab virtually nil.
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Red King Crab

Bycatch of red king crab in BSAI groundfish fisheries totaled 48,191 in 1995 (Table 3.10), which was down
_ significantly from a recent high of 281,023 in 1994. Most red king crab bycatch is taken in the trawl fisheries
(97%) and to a lesser extent in the longline (1%) and groundfish pot fisheries (2%). Although red king crabs are

bycaught in nearly every trawl fishery, the rock - )
sole/other flatfish fishery accounts for a majority of red ?l::el:i‘;g ;"az:;’ey ?::fhe‘:rs::rwegtsz)' 1995 BSAI groundfish
king crab bycatch. Bycatch has been consistently el g gemh
highest in NMFS statistical areas 509 and 516. Zonel  Otherareas Total
Approximately, 80% of the red king crab bycatch has| 1992 131,921 ‘61;,‘9%:7/ ;Zg,g‘s*g

1ot 1993 184,563 ) s
beetr)l taken f.romzthe agea gncomgaiseddblzfm the existing 1994 e 07 81,023
crab protection Zone 1. Bycaich of red king crab was| 55 g4 ove 187,067 49,240 236,307
significantly lower in 1995 due in part to the
implementation of the Pribilof Islands Habitat| 1995 35,638 12,554 48,192

Conservation Area and the Bristol Bay Red King Crab
Savings Area. Even lower bycatch may occur in 1996; Zone 1 bycatch of red king crabs totaled only 12,132
crabs through 4/13/96 (NMFS Bulletin Board 4/18)."

Data indicate that the recent level of red king crab bycatch in trawl fisheries (1991-1995 average of 0.16 million)
is low relative to the 1978-1989 average of 0.44 million red king crab (Table 3.11). This reduction may be due
in part to reduced crab abundance and increased regulation of the trawl fishery. Regulations in effect in 1989 and
thereafter for domestic fisheries included current crab PSC limits and trawl closure areas 512 and 516 (see
Appendix 4). Although bycatch numbers are lower, bycatch accounts for a higher proportion of the total crab
population as indexed by the NMFS survey. Since 1992, bycatch removals have equated to 0.13 to 0.82 percent
of the total red king crab population.

Tanner Crab

A total of 2.3 million Tanner crab were taken as bycatch in the 1995 BSAI groundfish fisheries (Table 3.10).
Bycatch of Tanner crab has been reduced in recent years, down significantly from 4.3 million in 1992. Most
Tanner crab bycatch is taken in the trawl fisheries (about 98%) and to a lesser extent in the longline (1.5%) and

groundfish pot fisheries (0.5%). Although ] .
Tanner crabs are bycaught in nearly every trawl Tanner crab bycatch in the 1992-1995 BSAI groundfish fisheries,
by zone (all gears/targets).

fishery, the yellowfin sole fishery takes the

largest share, followed by the rock sole/other Zone 1 Zone2  Other areas Total

flatfish fisheries. Bycatch is highest in NMFS| 1992 1,144,671 2,699,256 448,106 4,292,033

statistical areas 509 and 5 13: and large numbers 1993 1,040,166 2,329,840 51,820 3,421,826

of Tanner crab area also consistenfl taken in 1224 a8 1736273 426 2244
oo y 9294 Ave 983,373 2,255,123 181,117 3,419,614

areas 517 and 521. Data indicate that the recent| 93.94 Ave 902,724 2,033,057 47623 2,983,404

level of Tanner crab bycatch in trawl fisheries

(1992-1995 average of 3.06 million) is high| 1995 923,088 1341894 34874 2,299,856

relative to the 1978-1987 average of 2.06

million (Table 3.12).

Snow Crab

Bycatch of snow crab in BSAI groundfish fisheries totaled 5.4 million crab in 1995 (Table 3.10). Bycatch has
been drastically reduced since 1992, when 17.66 million snow crab were taken in groundfish fisheries (Table
3.13). Most snow crab bycatch is taken in the trawl fisheries (99%) and to a lesser extent in the longline (0.7%)
and groundfish pot fisheries (0.3%). Although snow crabs are bycaught in nearly every trawl fishery, the
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yellowfin sole fishery takes the vast majority
(70% on average 1992-1994). Bycatch is| Snow crab bycatch in the 1992-1995 BSAI groundfish fisheries,
highest in the areas north and east of the Pribilof | by zone (all gears/targets).

Islands, corresponding to NMFS statistical areas

. Zone 1 Zone 2 Other areas Total
513,514, and 521 (NPFMC 1994). Relatively | 199, 104,844 11,996347 5,561,358 17,662,549
few snow crab are taken in Zone 1. On the other| 1993 40,611 8,922,155 5,797,956 14,760,722
hand, about 75% of the snow crab bycatch| 1994 25334 11424057 1032736  12.482.127
comes from the area encompassed by the 92-94 Ave 56,930 10,780,853 4,130,683 14,968,466
exist?n.g crgb protection Zone 2. This is not| ;g5 94,307 4338013 963469 5395789
surprising given that Zone 2 encompasses most
of the adult population (Figure 3.6). Average

snow crab bycatch in Zone 2 was about 10.8 million crabs, or about 0.11% of the NMFS total population index
on average, 1992-1994. Bycatch of snow crab in 1995 was much lower than in previous years, totaling
5,395,788 crabs. Of the total, 4,338,013 snow crabs were taken in Zone 2, corresponding to 0.05 % of the total
population index.

3.3.4.2 Size and Sex of Crab Taken as Bycatch in Groundfish Fisheries
Red King Crab

Examibation of crab bycatch carapace length frequency suggests that on average, the size of red king crab taken
is about the minimum legal size for males (137 mm carapace length), and larger than the size of 50% maturity
for females (90 mm carapace length). Previous reports suggested that red king crab taken as bycatch has
averaged about 106 mm for females and 132 mm for males (Guttormson et al. 1990, NPFMC 1995). Length
frequency data from the 1993 and 1995 trawl fisheries, examined in this report, suggest that the average size may
be slightly larger (Figure 3.10). A rough estimate on average length of crabs taken as trawl bycatch, based on
these data and total crab bycatch by regulatory area, is 140 mm for males in 1993 and 145 mm for males in 1995.
Similarly, a rough estimate of average length for females is 115 mm in 1993 and 110 mm in 1995. Note that the
legal size (165 mm carapace width) corresponds to a 137 mm carapace length for Bristol Bay red king crabs.
Only minimal length frequency data are available for red king crab taken in groundfish pot and longline fisheries;
the six crab measured in 1993 ranged from 140 to 160 mm.

Examination of observer data for sex ratio information yielded some unexpected results. Data indicate that a
majority of red king crab taken as bycatch in trawl fisheries are females. On average, 1993 and 1995, 57% of
the red king crab measured by observers were female. Some caution is called for in interpreting these data
however, as sample sizes are small (Table 3.14). In addition, the 1995 observer data for crab bycatch are still
being compiled, and are only about 25% complete at the time this document was drafted (M. Loefflad, NMFS,
personal communication). Previous analyses of observer data have indicated that a majority of crab caught
incidentally in groundfish fisheries were males (Guttormson et al. 1990, Narita et al. 1994). Changes in
regulations, fishing patterns, and crab stock structure may have contributed to this apparent shift in sex ratio in
observed bycatch.

Tanner Crab

Examination of crab bycatch carapace width frequency information suggests that most trawl bycatch is smaller
than legal size (140 mm), but about the size of 50% maturity for females (90 mm). Bycatch data from the 1994
and 1995 fisheries, examined in this report, suggest a consistent take of larger crab (Figure 3.11). A rough
estimate on average width of Tanner crabs taken as bycatch, based on these data and total crab bycatch by
regulatory area, is 125 mm for males in 1994 and 120 mm for males in 1995. Similarly, a rough estimate of
average width for females is 85 mm in 1993 and 1995. These averages indicate that Tanner crabs taken as
bycatch may be larger than in previous years. Narita et al. (1994) reported that smaller Tanner crab (average
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carapace widths of 93 mm for males and 68 mm for females) were taken as bycatch in 1991 domestic BSAI
groundfish fisheries.

Observer data indicate that a majority of Tanner crab taken as bycatch in trawl fisheries are males. On average,
1993-1995, 75% of the Tanner crab measured by observers were male. A high male sex ratio of observed
bycatch appeared throughout the data for all statistical areas and years examined (Table 3.14). This is not
surprising due to size selection by trawl gear and location of groundfish trawling. Similar to this analysis, a 74:26
male:female sex ratio was observed for crab bycatch in 1991 (Narita et al. 1994).

Length frequency data collected by observers for the BSAI groundfish pot and longline fisheries were examined.
As with BSAI trawl fisheries, pot and longline fisheries catch primarily males. Average carapace width for male
Tanner crabs was about 110 mm in pot fisheries and 130 mm in longline fisheries (Figure 3.12). Average width
of female Tanner crabs was about 85 mm.

Snow Crab

Examination of crab bycatch carapace width frequency suggests that most snow crab bycatch in trawl fisheries
is smaller than market size (102 mm), but larger than the size of 50% maturity for females (50 mm). Width
frequency data from the 1994 and 1995 trawl fisheries, examined in this report, suggest that the average size is
relatively constant from year to year (Figure 3.13). A rough estimate on average width of snow crabs taken as
bycatch, based on these data and total crab bycatch by regulatory area, is 75 mm for males in 1994 and 1995.
A rough estimate of average width for female snow crab is 63 mm in 1993 and 1995 trawl fisheries. Narita et
al. (1994) reported average carapace widths of 89 mm for males and 59 mm for females taken as bycatch in 1991
domestic BSAI groundfish fisheries.

As with Tanner crab, observer data indicate that a vast majority of snow crab taken as bycatch in trawl fisheries
are males. On average, 1993-1995, about 80% of the snow crab measured by observers were male. A high male
sex ratio appeared throughout the data for all statistical areas and years examined (Table 3.14). In BSAI
groundfish pot and longline fisheries nearly all snow crab measured by observers were male. Average carapace
width for male snow crabs was about 90 mm in pot fisheries and 110 mm in longline fisheries (Figure 3.12).
3.3.4.3 Bycatch Mortality

The impact of crab bycatch on crab stocks is somewhat tempered by survival of discarded crabs. There have been
numerous studies done on crab bycatch mortality, with each study having different objectives, methodology, and
results. A summary of these studies is provided below, but many questions remain unanswered. Stevens (1990)
found that 21% of the king crabs and 22% of the Tanner crabs captured incidentally in BSAI traw] fisheries
survived at least 2 days following capture. Blackburn and Schmidt (1988) made observations on instantaneous
mortality of crab taken by domestic trawl fisheries in the Kodiak area. They found mortality for softshell red king
crab averaged 21%, hard shelled red king crab 1.2%, and 12.6% for Tanner crab. Another trawl study indicated
that trawl induced mortalities aboard ship were 12% for Tanner crab and 19% for red king crab (Owen 1988).
Fukuhara and Worlund (1973) observed an overall Tanner crab mortality of 60-70% in the foreign Bering Sea
trawl fisheries. They also noted that mortality was higher in the summer (95%) than in the spring (50%). Hayes
(1973) found that mortality of Tanner crab captured by trawl gear was due to time out of water, with 50%
mortality after 12 hours. Natural Resource Consultants (1988) reported that overall survival of red king crab and
Tanner crab bycaught and held in circulation tanks for 24-48 hours was <22%. In previous analyses, the
estimated mortality rate of trawl bycaught red king crab and Tanner crab was 80% (NPFMC 1993).

3.3.4.4 Unobserved Mortality

Not all crab in the path of a trawl are captured. Some crab pass under the gear, or pass through the trawl meshes.
Non-retained crab may be subject to mortality from contact with trawl doors, bridles, footrope, or trawl mesh,
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as well as exposure to silt clouds produced by trawl and dredge gear. Only two studies have been conducted to
estimate catchability of crabs by trawl gear, and these studies are summarized below.

In one experiment to measure non-observable mortality, 169 red king crab were tethered in the path of an
Aleutian combination trawl (Donaldson 1990). The trawl was equipped with a footrope constructed of 14 inch
bobbins spaced every 3 feet, separated by 6.5 inch discs. Thirty-six crabs (21.3%) were recovered onboard the
vessel in the trawl. Divers recovered 46.2% of the crabs not captured by the trawl. Another 32.5% were not
recovered but assumed to have interacted with the trawl. Of the 78 crab not retained in the trawl, but captured
by divers, only 2.6% were injured. If all injured crabs die, the non-observable mortality rate for trawl gear on red
king crab is estimated at 2.6% (Donaldson 1990). It should be noted that hard shelled crabs were used in this
experiment; higher impacts would be expected if softshelled crabs were tested.

In 1995, NMFS used underwater video cameras to observe the interaction of trawl gear with king and Tanner
crabs (Craig Rose, NMFS, unpublished data). The experiment was conducted in Bristol Bay in an area with
large red king crabs and C, bairdi Tanner crabs. Three types of trawl footropes were examined and they are as
follows: a footrope with 3-4 foot lengths of 6" discs separated by 10" discs (called disc gear), a footrope with 24"
rollers (tire gear), and an experimental float/chain footrope with the groundgear suspended about 8" off the
seafloor. For disc gear, preliminary analysis indicated that all red king crab encountered entered the trawl and
about 76% of the Tanner crab were caught. Tire gear captured fewer king crab (42%) and Tanner crab (1%).
The float/chain gear did not catch any of the crabs encountered. At the December 1995 Council meeting,
excerpts of the NMFS video were shown to the Council and public. Trawl industry representatives testified that
groundgear used to harvest finfish in this area depended on target species and bottom type, with tire gear type
footropes used in hard bottom areas, and disc type gear used on smooth bottom areas. Testimony also indicated
that there was also variability in groundgear used among vessels, but that on average, most gear used in Bristol
Bay trawl fisheries would be comprised of groundgear with discs or rollers larger than the disc gear tested and
smaller that the tire gear tested.

In order to compare the impacts of unobserved mortality caused by trawling with other sources of fishing
mortality, it would be necessary to have reasonable estimates of retention rates and mortality of those crab not
retained. At this time, however, there are too many uncertainties to generate valid estimates of unobserved crab
mortality (C. Rose, NMFS, personal communication).

3.3.5 I i fCrabM i

In addition to bycatch in groundfish trawl fisheries, there are other sources of human induced mortality and
mortality due to natural causes. Survival of juvenile crab after settiement until they reach maturity depends on
natural mortality (due to predation, disease, and other sources) and fishing mortality. Natural mortality is
estimated to be about 25% (M=0.3) for red king crab, Tanner crab, and snow crab NPFMC 1990). As discussed
in previous sections, fishing mortality attributed to groundfish fisheries include bycatch mortality, unobserved
gear induced mortality, and indirect impacts of habitat alteration. Crab mortality is also attributable to the scallop
fishery. Crab fisheries cause mortality through fishery removals of large males, handling mortality, ghost fishing
by lost pots, pot bombing, and unobserved mortality caused by cannibalism and predation inside pots.

3.3.5.1 Bycatch Mortality in Other Groundfish Fisheries

Some crabs are caught incidentally by non-trawl gear in pursuit of groundfish, and a portion of these crabs die.
No field or laboratory studies have been made to estimate mortality of crab discarded in these fisheries. However,
based on condition factor information from the trawl survey, mortality of crab bycatch has been estimated and
used in previous analyses (NPFMC 1993). Discard mortality rates for red king crab were estimated at 37% in
longline fisheries and 37% in pot fisheries. Estimated bycatch mortality rates for Tanner crab were 45% in
longline fisheries and 30% in pot fisheries. No observations had been made for snow crab, but mortality rates
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are likely similar to Tanner crab. In the analysis made in Section 5, a 37% mortality rate was assumed for red
king crab taken in longline fisheries and an 8% rate for pot fisheries. Observer data on condition factors
collected for crab during the 1991 domestic fisheries suggested lower mortality of red king crab taken in
groundfish pot fisheries (Table 3,15). Bycatch mortality rates used in Section 5 for Tanner crab were 45% in
longline fisheries and 30% in pot fisheries, based on previous analyses.

3.3.5.2 Bycatch Mortality in the Scallop Fishery

In 1993, the scallop fishery in the Bering Sea caught 6 red king crab, 276,000 Tanner crab, and 15,000 snow crab
(D. Pengilly, ADF&G, unpublished data). Average sizes of crabs were 110 mm carapace length for red king
crab, 100 mm carapace width for Tanner crab, and 100 mm carapace width for snow crab. The sex ratio was
about 50:50 for red king and Tanner crab, but almost all snow crab taken were males. In 1994, 55 red king crab
and 262,500 Tanner crab were captured incidental to scallop fishing in the Bering Sea (NPFMC 1995b). No
fishery occurred in 1995.

Observations from scallop fisheries across the state suggest that mortality of crab bycatch is low relative to trawl
gear due to shorter tow times, shorter exposure times, and lower catch weight and volume. For crab taken as
bycatch in the Gulf of Alaska weathervane scallop fishery, Hennick (1973) estimated that about 30% of Tanner
crabs and 42% of the red king crabs bycaught in scallop dredges were killed or injured. Hammerstrom and Merrit
(1985) estimated mortality of Tanner crab at 8% in Cook Inlet. Kaiser (1986) estimated mortality rates of 19%
for Tanner crab and 48% for red king crab bycaught off Kodiak Island. Urban el al. (1994) recorded that in 1992,
13-35% of the Tanner crab bycaught were dead or moribund before being discarded, with the highest mortality
rate occurring on small (<40 mm cw) and large (>120 mm cw) crabs. Delayed mortality resulting from injury
or stress was not estimated. Mortality in the Bering Sea appears to be lower than in the Gulf of Alaska, in part
due to different sizes of crab taken. Observations from the 1993 Bering Sea scallop fishery indicated lower
bycatch mortality of red king crab (10%), Tanner crab (11%) and snow crab (19%). As with observations from
the Gulf of Alaska, mortality appeared to be related to size, with larger and smaller crabs having higher mortality
rates on average than mid-sized crabs (D. Pengilly, ADF&G, unpublished data). Delayed mortality was not
estimated. In the analysis made in Section 5, a 40% discard mortality rate was assumed for all crab species.

3.3.5.3 Crab Harvests
Harvest policies set by the State of Alaska for major BSAI crab stocks are based on an exploitation rate strategy,

with additional size, sex, and season regulations. Pre-season guideline harvest levels are set by applying
exploitation rates to the projected number of legal male crab. Exploitation rates for Bering Sea crab have been

20% for mature male red king crab (up to a maximum of Number of crab harvested from the Bering Sea 1993-1995.
60% removal of legal males over 6.5" carapace width),

40% for male Tanner crab over 5.5", and 58% for snow Bristol Bay EBS EBS

crab larger than 4" carapace width. Total number of crab Red king Tanner Snow
harvested in recent years is shown in the adjacent table }ggi 2’022’168 ;’ggg’ggg }?i’ggg’gﬁ
(data from Tracy 1995, Morrison 1996) Number of crab 1995 0 12877:303 60:61 1:411

harvested include "deadloss”, which is the portion of the
harvest that dies prior to processing and is wasted. In recent years, deadloss in Bering Sea king and Tanner crab
fisheries has amounted to about 1%- 2% of the total harvest.

3.3.5.4 Bycatch Mortality in Crab Fisheries

Another source of mortality is crab bycatch in directed crab fisheries. Crab bycatch includes females of target
species, sublegal males of target species, and non-target crab. Numbers of crab taken as bycatch in recent major
Bering Sea crab fisheries are listed in Table 3.16. Due to the difference in legal size versus market size for snow
crab, a portion of the legal crabs are not retained as harvest, and are thus considered bycatch. For example, in
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1994, over 57 million legal sized snow crab were discarded. Additional crab are bycaught in other fisheries for
red king crab (Dutch Harbor, Adak), blue king crab (Pribilof Islands, St. Matthew), golden king crab (Dutch
Harbor, Adak), Tanner crab (Aleutian Islands), and hair crab fisheries.

Some crabs taken as bycatch die due to handling mortality. Several laboratory and field studies have been
conducted to determine mortality caused by handling juvenile and female crab taken in crab fisheries. There are
a variety of effects caused by handling, ranging from sublethal (reduced growth rates, molting probabilities, visual
acuity from bright lights, and vigor) to lethal effects. Studies have shown a range of mortality due to handling
based on gear type, species, molting stage, number of times handled, temperature, and exposure time (Murphy
and Kruse 1995). Handling mortality may have contributed to the high natural mortality levels observed for
Bristol Bay red king crab in the early 1980's (65% for males and 82% for females), that along with high harvest
rates, resulted in stock collapse (Zheng et al. 1995). However, another study concluded that handling mortality
was not responsible for the decline on the red king crab fishery (Zhou and Shirley 1995a).

Byersdorfer and Watson (1992, 1993) examined red king crab and Tanner crab taken as bycatch during the 1991
and 1992 red king crab test fisheries. Instantaneous handling mortality of red king crab was <1% in 1991, and
11.2% in 1992. Stevens and Maclntosh (1993) found average overall mortality of 5.2% for red king crabs and
11% for Tanner crabs on one commercial crab vessel. Authors recommend these results be viewed with caution,
noting that experimental conditions were marginal. Mortality for red king crab held 48 hours was 8% (Stevens
and MacIntosh 1993, as cited in Queirolo et al. 1995). A laboratory study that examined the effects of multiple
handling indicated that mortality of discarded red king crabs was negligible (2%), although body damage
increased with handling mortality (Zhou and Shirley 1995a).

Delayed mortality due to handling does not appear to be influenced by method of release. In an experiment done
during a test fishery, red king crab thrown off the deck while the vessel was moving versus those gently placed
back into the ocean showed no differences in tag return rates (Watson and Pengilly 1994). Handling methods
on mortality has been shown to be non-significant in laboratory experiments with red king crab (Zhou and Shirley
1995a, 1995b) and Tanner crab (MacIntosh et al. 1995). Although handling did not cause mortality, injury rates
were directly related to the number of times handled.

Mortality of crabs is also related to time out of water and air temperature. A study of red king crabs and Tanner
crabs found that crabs exposed to air exhibited reduced vigor and righting times, feeding rates (Tanner crabs),
and growth (red king crabs) (Carls and Clair 1989). For surviving females, there was no impact on eggs or
larvae. Cold air resulted in leg loss or immediate mortality for Tanner crabs, whereas red king crabs exhibited
delayed mortality that occurred during molting. A relationship was developed to predict mortality as the product
of temperature and duration of exposure (measured as degree hours). Median lethal exposure was -8°C for red
king crab and 4.3°C for Tanner crab. For example, if crabs were held on deck for 10 minutes and it was -23°C
or 10 degrees below zero (Fahrenheit) outside, about 15% of the king crab and 50% of the Tanner crab would
die of exposure. Because BSAI crab fisheries occur during November through February, cold exposure could
cause significant handling mortality to crabs not immediately returned to the ocean. Zhou and Shirley (1995)
observed that average time on deck was generally 2 to 3 minutes, and they concluded that handling mortality was
not a significant source of mortality.

3.3.5.5 Catching Mortality

Catching mortality is ascribed to those crabs that enter a pot and are eaten by other pot inhabitants before the pot
is retrieved. Catching mortality likely occurs during the molting period, when crabs are more susceptible to
cannibalism. Most crab fisheries are set to occur outside of the molting season, and catching mortality in these
fisheries may be limited to octopus or large fish entering a pot. Because no evidence of crab is left in the pot,
these mortalities remain unassessed.
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3.3.5.6 Ghost Fishing

Mortality is also caused by ghost fishing of lost crab pots and groundfish pots. Ghost fishing is the term used to
describe continued fishing by lost or derelict gear. The impact of ghost fishing on crab stocks remains unknown.
It has been estimated that 10-20% of crab pots are lost each year (Meyer 1971, Kruse and Kimker 1993). Based
on skipper interviews, about 10,000 pots were estimated lost in the 1992 Bristol Bay red king, and Bering Sea
Tanner and snow crab fisheries (Tracy 1994). Fewer pots are expected to be lost under pot limit regulations and
shorter seasons. Bob Schofield, a major crab pot manufacturer, testified at the January 1996 Council meeting
that he was making fewer pots since inception of the pot limit. He estimated that 6,461 pots were replaced in
1995. It is not known how long lost pots may persist and continue to fish, or just litter the bottom.

A sonar survey of inner Chiniak Bay (Kodiak, Alaska) found a high density of lost crab pots (190 pots) in an area
of about 4.5 km? (Stevens 1995). Underwater observations indicated that crabs and fish were common residents
of crab pots, whether or not the pot mesh was intact. Eight intact pots recovered from the Chiniak Bay study area
contained an average of 4 crab and 0.5 octopus (Stevens 1995). High (1985) and High and Worlund (1979)
observed that 20% of legal sized male red king crab and 8% of the sublegals captured by lost pots failed to
escape.

Crabs captured in lost pots may die of starvation or by predation. Captured crab are subject to cannibalism (Paul
et al. 1993), and predation by octopus, halibut and Pacific cod (High 1976). Crabs also have limited abilities to
withstand starvation. In a simulated field study, 39% mortality was observed after 119 days of starvation
(Kimker 1992). In a laboratory study, 10% of the Tanner crabs tested died of starvation in 90 days. Of the 90%
that had survived 90 days, all later died even though they were freely fed (Paul et al. 1993). To reduce starvation
mortality in lost pots, crab pots have been required be fitted with degradable escape mechanisms. Regulations
required #120 cotton thread from 1977-1993. Beginning in 1993, regulations required #30 cotton thread or 30-
day galvanic timed release mechanisms. A #30 cotton thread section is also required in groundfish pots. The
average time for #30 cotton twine to degrade is 89 days, and the galvanic timed release about 30 days to degrade.
Pots fitted with an escape mechanism of #72 cotton twine had a fishable life of 3-8 years and documented
retention of up to 100 crabs per lost pot (Meyer 1971). High and Wolund (1979) estimated an effective fishing
life of 15 years for king crab pots. Pots without escape mechanisms could continue to catch and kill crabs for
many years, however testimony from crabbers and pot manufacturers indicate that all pots currently fished in
Bering Sea crab fisheries contain escape mechanisms.

Mortality of crab caused by ghost fishing is difficult to estimate with precision given existing information.
Mortality caused by continuous fishing of lost pots has not been estimated, but unbaited crab pots do continue
to catch crabs (Breen 1987, Meyer 1971), and pots are subject to rebaiting due to capture of Pacific cod, halibut,
sablefish, and flatfish. In addition to mortality of trapped crab by ghost pots, and predation by octopus and fish,
pot mesh itself can kill crabs. Lost pots retrieved by NMFS trawl surveys occasionally contain dead crabs
trapped in loose webbing (Stevens 1995). It has been suggested that pot limits and escape mechanisms have
greatly minimized ghost fishing due to pot loss in recent years.

3.3.5.7 Pot Bombing

Another source of human induced crab mortality that is considered is "pot bombing". Pot bombing is a term
used to mean a pot landing on the ocean floor when it is being set, presumably impacting any crab on which it
lands. With reasonable assumptions, pot bombing is only a very minor source of mortality, however. An estimate
of the impact of pot bombing can be derived by multiplying the number of pot lifts, the area they occupy, and
relative crab density within areas fished in the Bering Sea. In 1993, there were 253,794 pots lifted in the Bristol
Bay red king crab fishery, 576,464 pots lifted in the Bering Sea Tanner crab fishery, and 971,046 pots lifted in
the Bering snow crab fishery (Morrison and Gish 1995). A majority of pots used in these fisheries measure 7
feet by 7 feet and 8 feet by 8 feet (R. Morrison, ADF&G, personal communication). Regulations specify a
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maximum of 10 by 10 feet. Average area of seafloor covered by a pot is thus estimated to be about 56 square
feet. Assuming that pots land on different areas after each lift, and crab pots are set non-randomly over areas
with relatively high density of crabs in directed fisheries, the total number of crab impacted can be roughly
estimated. For 1993 the red king crab fishery, assuming a density of 5,000 red king crab of all sizes per square
mile (density data from Stevens et al. 1994), about two thousand red king crab were impacted by pot bombing.
Roughly nine thousand Tanner crabs (assuming 10,000 crab/mile?) and 110 thousand snow crabs (assuming
75,000 crab/mile®) were impacted by pot bombing in respective crab fisheries in 1993. It is not known what
proportion of these crab die when a crab pot lands on them, but it may be 100%. Due to reduced stock sizes and
GHLs (and consequently fewer pot lifts), and area restrictions, the impacts of pot bombing were probably
negligible in 1994 and 1995.

3.3.6  Natural Mortality and Predation

Survival of juvenile crab after settlement until they reach maturity depends on natural mortality (due to predation,
disease, and other sources) and fishing mortality. Natural mortality is estimated to be about 25% (M=0.3) for
adult red king crab, Tanner crab, and snow crab (NPFMC 1990). Predation by groundfish may be a major source
of natural mortality for juvenile and molting crabs in the Bering Sea, particularly in recent years. Competition
with groundfish may also lead to slower growth, as well as reduced resistance to disease and predation.

Crab predators and competitors have increased in recent years. Biomass of crab competitors (inshore benthic
infauna consumers such as starfish and flatfish) has increased about 40% from 1979-1993 (Livingston et al.
1994). Most of this increase is attributable to a growing rock sole biomass, and to a lesser extent starfish and
flathead sole biomass. Of the crab species, only snow crab comprises a substantial portion of the infauna
consumer guild (species that eat clams, polycheates, etc.). Yellowfin sole had dramatically increased in
abundance in the early 1980's to become the largest component of this guild until the early 1990's when rock sole
became co-dominant. Mean size at age has declined for yellowfin sole and rock sole, indicating stress caused by
competition, and to a lesser extent a decrease in average bottom temperature (Livingston et al. 1994).

Predation of crabs by groundfish removes large numbers of young Tanner and snow crab, but the impacts on
populations remains unknown. For snow crabs, estimates of annual consumption by groundfish from May
through September ranged from 9 billion to 31 billion crabs (Livingston et al. 1993). Snow crabs consumed were
primarily age 1, and to a lesser extent age 2 and 3 crabs. Pacific cod is a primary predator of snow crab,
particularly softshell female and juvenile crab (McLellan & Leong 1981, Livingston 1989, Livingston et al.
1991). Flathead sole, yellowfin sole, and rock sole also prey on young snow crabs (Haflinger and Roy 1983,
Livingston et al. 1993). Annual consumption of Tanner crabs by groundfish ranged from 10 billion to 153 billion
crabs, consisting primarily of Age 0 and Age 1 crabs (Livingston et al. 1993). Yellowfin sole and flathead sole
were found to be the primary consumers of small Tanner crabs, whereas Pacific cod preyed on the larger
juveniles. Although yellowfin sole and Pacific cod are known predators of juvenile and molting red king crab
(Haflinger and McRoy 1983, Livingston 1989), data suggest that mortality caused by groundfish predators on
adult red king crab may be low during summer months. It has been estimated that Pacific cod consumed about
1.4% to 3.8% of the female red king crab stock during the early 1980's, which suggested to Livingston (1989),
that these rates were not the major factor behind the Bristol Bay red king crab stock crash. In the late 1980's,
consumption by Pacific cod was estimated at 3.8% to 14.3 % of the female red king crab stock (Livingston et
al. 1993).

Although it has been hypothesized that juvenile sockeye salmon may impact recruitment of red king crab in
Bristol Bay (Wespestad et al. 1994), subsequent analysis has failed to support this. The following is an excerpt
from Tyler and Kruse (1995):

" In a recent study, Wespestad et al. (1994) proposed that outmigrating juvenile sockeye salmon may adversely
impact red king crab brood strength by predation of larvae. This premise is based on a negative correlation
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between sockeye salmon abundance (lagged 4 years earlier) and king crab recruits (lagged 8 years earlier).
Although the potential for salmon-crab interactions is intriguing, these lags are questionable. Stevens (1990)
showed that king crab recruits enter Bristol Bay fishery over ages 7-12 depending on temperature. Further,
depending on the stock and brood year, sockeye salmon from Bristol Bay lake systems smoltify as 1- or 2-year
-olds, or in their second or third year if measured from time of egg deposition, and return to spawn after spending
2-3 years at sea (Burgner 1991). Because peak cycle runs are predominated by fish that spent two years at sea
(Eggers and Rogers 1987), the appropriate lag from adult salmon to juvenile outmigrants is 2 years not 4 years
prior. This 2-years lag causes the abundance of outmigrants from strong salmon runs prior to 1970 to coincide
with years of high crab recruitment, contrary to the recruitment hypothesis."

4.0 DESCRIPTION OF MANAGEMENT MEASURE 3 (NEARSHORE BRISTOL BAY TRAWL
CLOSURE AREA) AND BACKGROUND INFORMATION

4.1 Problem Statement

Existing trawl closure areas in Bristol Bay were designed to protect adult and sub-adult red king crab from
trawling. However, protection of juvenile habitat, which may be negatively impacted by trawling, may provide
for improved recruitment and subsequent stock rebuilding. A trawl closure area may also provide additional
protection for Pacific herring and Pacific halibut.

42  Alternatives Considered
Three alternative were examined. In addition to the status quo, alternative 1, the impacts of prohibiting trawling
in three areas were examined. These alternative closure areas are shown in Figure 4.1 and Options are shown
in Figure 4.2,
42.1 Alemative 1: Status quo, no action.
422 Alternative 2: Establish a Northem Bristol Bay Closure Area, which would prohibit all
trawling, on a year-round basis, in the area east of 162° W longitude and north of 58° N
latitude.

Option A: Continue to allow bottom trawling within the area north of 58° N and
bounded by 159° and 160° W longitude. This option may require 100% observer
coverage for trawl vessels fishing in the area.

423 Altemnative 3: Prohibit all trawling in Bristol Bay, on a year-round basis, in the area east of
162° W longitude. Because much of Bristol Bay (statistical area 512) is already closed to
trawling year-round, the additional area encompassed by this alternative is statistical area 508
in eastern Bristol Bay and the area described under alternative 2.

Option A (Preferred): Continue to allow bottom trawling within the area north of 58°
N and bounded by 159° and 160°W longitude. This option may require 100% observer
coverage for trawl vessels fishing in the area. (Note: the Council's preferred option
would limit trawling to the area south of 58°43' N within the 159° and 160° W window
and only during the period April 1 to June 15 each year.)

424 Alternative 4: Prohibit all trawling on a year-round basis the area north of 58°43' N and cast
of 162° W longitude. The area north of 58° N and east of 162° W longitude, exclusive of the
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area closed year-round, would be open to trawling during the period April 1 to June 15 each
year. This alternative may require 100% observer coverage for trawl vessels fishing in the area.

Option A: Also prohibit all trawling on a year-round basis in Statistical Area 508,
which is the area east of 160° W longitude and south of 58° N latitude.

All Alternatives to the status quo would include a regulatory amendment change that would rescind the trawl
closure exemptions for the Pacific cod fishery off Port Moller (§ 675.22, paragraphs c,d.e).

43 Background

In January 1995, the Council initiated an analysis to examine impacts of a proposal to establish a trawl closure
area (Alternative 2) in the northeast section of Bristol Bay (north of 58 °N and east of 162°W) to protect juvenile
red king crab habitat. It was felt that such a closure would also be beneficial to juvenile halibut, seabirds, marine
mammals, and spawning herring stocks. Based on preliminary examination of the distribution of juvenile red
king crab habitat in Bristol Bay, Altemative 3 was added to the analysis. The area within 3 miles of shore within
Bristol Bay has been closed to trawling year-round under State regulations (5 AAC 39.165) since 1993.

In April 1996, the Council added Option A to all alternatives and added Alternative 4 for analysis. In their review
of the preliminary analysis, the Crab Rebuilding Committee recommended that the Council consider leaving open
to trawling those areas where crab habitat is not known to occur and bycatch of other PSC species is limited.
These areas have been important areas for groundfish trawling in some years.

This document examines the impacts of prohibiting trawling in nearshore EEZ areas of Bristol Bay to protect
Jjuvenile red king crab habitat. The document also examines the impacts of eliminating from regulations the
exemptions for trawling for Pacific cod in the Port Moller area. This action would delete language contained in
§ 675.22, paragraphs (c), (d), and (e) as described below.

§ 675.22 Time and area closures,

@ No fishing with trawl gear is allowed at any time in that part of Zone 1 in the Bering
Sea subarea that is south of 58° 00" N. latitude and between 160° 00’ W. longitude and
162° 00" W. longitude (see Figure 1) except as described in paragraph (c) of this
section.

b) No fishing with trawl gear is allowed at any time in that part of Zone 1 in the Bering
Sea Subarea that is south of 58° 00" N. latitude and between 162° 00' W. longitude and
163° W. longitude during the period March 15 through June 15 except as described in
paragraph (d) of this section.

©) NMES may allow fishing for Pacific cod with trawl gear in that portion of the area
described in paragraph (a) of this section that lies south of a straight line
connecting the coordinates 56 °43° N. latitude, 160 °00' W. longitude, and 56 ° 00’
N.latitude 162 °00° W. longitude, provided that such fishing is in compliance with
a scientific data collection and monitoring program, established by the Regional
Director after consultation with the Council, designed to provide data useful in the
management of the trawl fishery, the Pacific halibut, Tanner crab and king crab
fisheries, and to prevent overfishing of the Pacific halibut, Tanner and king crab
stocks in the area.
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(d) During the period March 15 through June 15, NMFS may allow fishing for Pacific
cod with trawl gear in that portion of the area described in paragraph (b) of this
section that lies south of the line connecting 56 °00’ N. latitude, 162 °W. longitude,
and 55 ° 38" N. latitude 163 ° 00’ W. longitude, provided that such fishing is in
compliance with a scientific data collection and monitoring program, established
by the Regional Director after consultation with the Council, designed to provide
data useful in the management of the trawl fishery, Pacific halibut, Tanner crab and
king crab fisheries, and to prevent overfishing of the Pacific halibut, Tanner and
king crab stocks in the area.

(e) If the Regional Director determines that vessels fishing with trawl gear in the areas
described in paragraphs (c) and (d) of this section will catch the PSC limit of 12,000
red king crabs, he will immediately prohibit all fishing with trawl gear in those areas
by notice in the FEDERAL REGISTER.

4.3.1 Management Background

Area closures in the BSAI have a long history as a management measure, and several trawl closure areas were
in place prior to the Magnuson Fishery Conservation and Management Act (Fredin 1987). These closure areas
were designed to reduce the impacts of foreign fishing on domestic crab and longline operations, and some were
incorporated into the original BSAI groundfish FMP. Although most of these closures were along the Aleutian
Islands, one of these closures included much of the Bristol Bay area, as discussed below.

A trawl closure zone (termed the Bristol Bay Pot Sanctuary) was established in 1959 by the Japanese fleet (Fredin
1987). This zone encompassed the area from Cape Sarishef to 55°16'N 166°10'W, northeastward to 55°28'N
16534'W, and eastward along 55°28'N to the Alaska Peninsula. This zone was established to prevent conflicts
between mobile gear and concentrations of crab pots, and to prevent the incidental catch of juvenile halibut. The
zone was expanded northward to 55°54'N when the US/Japan agreements were negotiated in 1968. The final
configuration of the pot sanctuary, shown in Figure 4.3 , was in place with regulations implementing the
Magnuson Act in 1977. This area was modified in 1984 under BSAI groundfish FMP Amendment 1 to allow
year-round domestic trawling (but not foreign trawling) within the Bristol Bay Pot Sanctuary.

Numerous areas have closed to domestic trawling to provide protection for prohibited species (crab, halibut,
salmon, herring), marine mammals (Steller sea lions and Pacific walrus) and their habitat in the Bering Sea, as
shown in Figure 4.4 (Witherell and Roberts 1995). Crab protection zones were implemented in 1987 under
Amendment 10 to prevent the incidental catch of adult and juvenile red king crab in trawl fisheries. Crab
protection area 512 is closed to all trawling year-round, and area 516 extends this closure seasonally from March
15 through June 15. Amendment 16a established three Herring Savings Areas, in which all trawling is prohibited
upon attainment of a herring PSC limit. In 1992, Amendment 17 established 12 mile closure zones around Round
Island, the Twins Islands, and Cape Pierce to minimize vessel interaction with walrus around these haulout sites
in Bristol Bay. Steller Sea Lion Protection Areas, established in 1992 under Amendment 20, prohibit trawling
year-round within 10 nautical miles of 26 rookeries in the BSAI area. These areas, six of which seasonally extend
out to 20 nautical miles, were closed to reduce intentional and unintentional harassment of Steller sea lions and
to reduce depletion of their prey. The Pribilof Islands Habitat Conservation Area was implemented in 1995 under
Amendment 21a to protect blue king crabs and their habitat on a year-round basis. A Chum Salmon Savings
Area, established in 1995 under Amendment 35, prohibits trawling on a seasonal basis to reduce bycatch of chum
salmon. The Chinook Salmon Savings Areas were adopted by the Council as Amendment 21b in 1995 to reduce
excessive bycatch of chinook salmon; these areas close when a bycatch limit of 48,000 chinooks are taken as
bycatch. The Bristol Bay Red King Crab Savings Area, designed to protect adult red king crab, was implemented
in 1995 by emergency order and adopted by the Council in September 1995 as a permanent seasonal closure
(January 1 - March 31) to bottom trawling.
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The Port Moller exemption area for trawl gear was established by Amendment 10 in 1987. A bycatch limit of
12,000 red king crab was adopted to support a fishery of about 6,000 mt of groundfish per year. Fisheries for
Pacific cod occurred within the 25 fathom area in 1986 through 1990. About six vessels participated in the 1986,
1987, and 1988 fisheries. Data are confidential, however catch and bycatch rates from the 1988 have been
summarized and reported (Hare 1988). The 1989 fishery was closed after 40 days when 13,940 red king crab
were taken as bycatch (NMEFS management report, September 1989), a majority of which were reportedly taken
in only two tows (Thomson 1989). Only 2,800 mt of Pacific cod was caught in the area in 1989. Since 1990,
NMES has received no requests for exemption permits under this regulation, and no trawl fisheries have occurred
in the Port Moller area.

4.3.2 Biological and Physical Environment
Physical Environment

Bristol Bay is a large bay in the easternmost area of the Bering Sea, bounded by the Alaska Peninsula to the
south. The bay is generally shallow, and has predominantly sand/silt substrate. The bay is subject to strong wind-
driven and tidal currents. The dominant water
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The physical, climatic, and oceanographic features in the eastern Bering Sea combine to create conditions highly
favorable for primary biological productivity. These favorable conditions are only surpassed by some of the
upwelling regions in the eastern Pacific and Atlantic Oceans (Hood and Kelly 1974). This productivity supports
some of the largest fish, marine mammal, and bird populations in the world. Although the processes for this high
productivity are not fully understood, they probably originate from the upwelling of nutrient-rich water along the
Aleutian Islands chain (Sharma 1979), the mixing of Pacific Ocean and Bering Sea waters, the seasonable
extremes in climate with a buildup of nutrients during the winter months and the expansive nature of the
continental shelf, including the Bristol Bay area.

Biological Environment
Fish

The nearshore waters of Bristol Bay are used by a variety of fish species for spawning and nursery areas. In May
of each year, Pacific herring enter Bristol Bay to spawn in the Togiak area. Eggs are demersal and adhesive to
aquatic plants and benthic substrates. Herring fry remain in the coastal waters during the summer before moving
out to the edge of the continental shelf where they grow for several years. Togiak also supports a stock of capelin,
which move inshore to spawn along sandy beaches in May and June. Major capelin spawning areas in Bristol
Bay include the Cape Pierce to Togiak region and an area off Port Heiden. Another forage fish species,
sandlance, is widely distributed along the shallow waters of Bristol Bay. All five Pacific salmon species (chinook,
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chum, pink, sockeye, and coho) migrate through Bristol Bay as mature adults on their way to river spawning
grounds. Sockeye salmon have been particularly abundant in recent years and support a large commercial gillnet
fishery. Young salmon spend some time in Bristol Bay feeding on their way to offshore habitats.

Nearshore areas of Bristol Bay also serve as feeding and nursery grounds for groundfish, such as yellowfin sole,
pollock, Pacific cod, and presumably, Pacific halibut. Yellowfin sole migrate into the shallow waters of Bristol
Bay in the spring of each year to feed in the summer months (Bakkala et al. 1982). Yellowfin sole spawn in June
and July on the inner shelf. In May 1995, NMFS conducted a beam trawl survey in the shallow waters of Togiak
Bay to Cape Constantine (Nichol et al. 1995). Thirty stations were sampled with a small beam trawl equipped
with a small mesh (4 mm) codend liner to retain small fish. Yellowfin sole were taken in abundance, along with
lower numbers of starry flounder, Alaska plaice, rock sole, pollock and other fish species (Table 4.1).
Interestingly, no halibut or red king crab were caught. Yellowfin sole length distributions were bimodal, with
modes occurring at 12 cm (juveniles) and 30 cm (adults). Nearly all of the Alaska plaice were juveniles smaller
than 20 cm.

Seabirds

Major breeding concentrations of seabirds are found in northern Bristol Bay in the area of Cape Pierce and
Togiak. This area supports moderate to relatively high populations of common murres, pelagic and double
crested cormorants, black legged kittiwakes, parakeet auklets, horned and tufted puffins. These species feed on
invertebrates (e.g., squid, shrimp, euphausiids, and amphipods) and fish (e.g., pollock, cod, capelin, and sand
lance). Lower numbers of seabirds are found at the southern edge of Bristol Bay along the Alaska Peninsula.

Numerous species of waterfowl use the Bristol Bay area for breeding and migrating stopover areas. The eastern
area with its numerous rivers and bays is particularly important for breeding. Whistling swans, oldsquaw,
common eider, and black scoters breed in this area. These species commonly feed on crustaceans, bivalves, and
other marine invertebrates. The nearshore areas of Bristol Bay are important migratory stopovers for other
species such as Steller's eider, black brant, Canada goose, and emperor goose.

Marine Mammmals

Two pinniped species (walrus and harbor seals) are found in moderate to relatively high abundance in the waters
of Bristol Bay. Pacific walrus, particularly females and young, stay with the ice pack, and thus are found in the
Bristol Bay region primarily on a seasonal basis. A large portion of bulls remain in Bristol Bay during the
summer in ice-free areas, and use small islands and peninsulas for haulout areas. Major walrus haulouts in
Bristol Bay include Round Island, the Twins islands, and Cape Pierce. These areas must contain quantities of
bivalve molluscs that are the primary component of to the walrus diet. Bristol Bay is the northern limit of harbor
seal abundance. Several major haulout and breeding areas have been identified in Bristol Bay; all are along the
Alaska Peninsula. Harbor seals feed on cephalopods (squid and octopus) and fish (pollock, cod, etc.). Steller sea
lions also occur within Bristol Bay; haulouts at Cape Newenham and Round Island are listed as critical habitat
for the species. Other pinnipeds, such as spotted seals and bearded seals, are found occasionally in the Bristol
Bay area.

Several cetaceans also use the shallow waters of Bristol Bay. Gray whales migrate along the shoreline of Bristol
Bay in April and May on their way northward to summer feeding areas around St. Lawrence Island. The
southward migration in the fall occurs in October. Minke whales and harbor porpoise inhabit Bristol Bay year-
round, and are found in moderately high abundance. A population of belukha whales also resides in the Bristol
Bay area.

Another marine mammal present along the Alaska Peninsula is the sea otter. Sea otters are found in abundance
in Bechevin Bay, and at lower abundance eastward to Port Moller.
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Invertebrates

Several species of large invertebrates are found in abundance in the nearshore waters of Bristol Bay. Juvenile
red king crab have been found in shallow waters along the Alaska Peninsula, and around Kvichak and Togiak
Bays. Within this area, juveniles live among epifaunal communities associated with gravel and cobble substrate,
then the crab move to offshore areas of Bristol Bay beginning at age 3. Alaska surf clams have been found in
large concentrations along the Alaska Peninsula from Port Moller to Ugashik Bay (Hughes and Bourne 1981).
Sea stars, crangon shrimp, and Telmessus crab (helmut crab) are abundant in shallow waters of northern Bristol
Bay (Nichol et al. 1995). Helmut crab are closely related to and sometimes confused with hair crab, but are
generally smaller and not commercially harvested. :

At the request of the Advisory Panel, data from National Marine Fisheries Service trawl survey areas were
examined for the distribution of invertebrates found in association with juvenile red king crab. During the 1984-
1988 surveys, NMFS scientists made a concerted effort to identify SHAB (shells, hermits, and associated
biomass) to the lowest practicable taxon. Although dated, these are the highest quality and most consistent data
of this type for the Bering Sea. Dr. Bob McConnaughey (NMFS-AFSC) has provided plots of Boltenia (sca
onions), Bryozoans, Mytilidae (mussels), and sea urchins, which are the types of biota associated with juvenile
red king crab. Distribution of these invertebrates are shown in Figures 4.5 and 4.6. Note that all these
invertebrate species are abundant in Bristol Bay, particularly in the area east of 162° W longitude.

4.3.3. i isheries of Bristo]l B

Residents of Bristol Bay communities draw much of their livelihoods from the sea, shoreline, and surrounding
areas (NPFMC 1994b). Use of resources for subsistence may differ somewhat among the communities
depending upon what is available. In the northern Bristol Bay communities of Togiak and Dillingham, residents
may harvest walrus, spotted seals, and sea lions year-round, whereas the southern communities along the Alaska
Peninsula use fewer marine mammals. Groundfish such as cod, flounder, halibut, and freshwater fishes are taken
throughout the year. Herring and smelt are netted in early summer and herring roe-on-kelp is also harvested.
Salmon (especially sockeye) comprise a large portion of the subsistence diet for residents throughout the Bristol
Bay area. Waterfowl and seabird eggs are also taken, along with inland game birds, mammals, plants and berries.
Subsistence use by Dillingham residents in 1984 is shown by Table 4.2; detailed information on other Bristol
Bay communities is not available.

434  Commercial Fisheries of Bristol Bay
Groundfish

Prior to 1987, foreign and joint-venture fisheries pursued yellowfin sole and other flatfish species throughout
Bristol Bay. These fisheries had relatively high catch rates of 5-10+ mt per hour and relatively high bycatch rates
of red king crab (Fisher 1980). Due to crab bycatch concerns, the area south of 58° N and west of 160° W was
closed to trawling in 1987. This closure limited potential groundfish effort in Bristol Bay. However, some trawl
fishing effort has been expended for yellowfin sole in the northern and eastern Bristol Bay areas, which have
remained open to trawling. Relatively high levels of effort have been expended in this area during the spring and
summer by vessels targeting flatfish using bottom trawl gear (Figure 4.7).

Halibut
The northeast area of Bristol Bay has been open to commercial halibut fishing since 1990. Prior to that time, the

entire Bristol Bay area was closed to halibut fishing to protect juveniles. A survey done by the International
Pacific Halibut Commission (IPHC) in 1987 found that although the area from Cape Newenham to Cape Seniavin
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had low catch per unit effort, the catch of juveniles was low. As a result, the [PHC
determined that a limited commercial fishery would not have an adverse impact on Catch of Halibut in

juvenile stocks, and a commercial fishery began in nearshore waters in 1990 (Gilroy | Bristol Bay, 4E(NE).
and Hoag 1993). Landings (pounds, head-off, eviscerated) from the eastern portion

of area 4E are listed in the adjacent table. The number of vessels participating has Year ﬂgggh'
been low and declining, from 97 in 1990 to 11 in 1993. All but one vessel fishing 1990 25,401
in 1993 and 1994 were vessels from local Bristol Bay communities (G. Williams, 1991 25,743
IPHC, unpublished data). Beginning in 1995, the halibut fishery was managed iggg ;‘ﬁg
under the IFQ program. Under that program, 100% of the area 4E quota is allocated 1994 58:5 47

to Community Development Program. IPHC regulatory and closure areas in the

Bering Sea are shown in Figure 4.8.
Herri i Caneli

Herring Fisheries in Bristol Bay are managed by the State of Alaska. In May of each year, Pacific herring enter
Bristol Bay to spawn in intertidal waters of the Togiak area. These herring support a moderately large fishery
for sac roe, spawn-on-kelp, and bait fishery. Regulations provide for a maximum exploitation rate of 20 percent
of the herring stock as estimated by aerial surveys or preseason forecasts (5 AAC 27.865). The Department of
Fish and Game allocates 1,500 tons for the spawn-on-kelp fishery and 7 percent of the remaining available
harvest for a food and bait fishery prior to opening the sac roe fishery. The sac roe fishery quota if further
allocated among the gillnet (25%) and purse seine fleet (75%). The Togiak fishing district is subdivided into six
sections for registration and reporting purposes.

The Togiak herring stock has gone through rather large fluctuations over the past 20 years due to highly variable
recruitment (Figures 4.9 and 4.10). Landings have been more stable, however, averaging about 15,000 short
tons from 1979 to 1990. Catches have since increased. In 1994, the Togiak District herring sac roe and bait
fishery took 30,177 tons with an average roe content of 10.2%. With additional harvests for the spawn-on-kelp
fishery, the total value of the 1994 Togiak herring fishery was about $9.3 million ex-vessel (Funk 1994).

Togiak also supports a fishery for capelin, a forage fish species. When capelin move inshore to spawn along
sandy beaches, they are prosecuted in some years by a small fishery. This fishery is managed by the State of
Alaska, however regulations address only the disposal of capelin carcasses (5 AAC 06.560). Maximum recorded
capelin harvest in the Togiak district was 1,321 mt in 1984. Only 2 mt were landed in 1994, due in part to lower
abundance (NMFS 1995). It should be noted that the Council is analyzing a plan amendment proposal to restrict
directed fisheries for forage fish such as capelin.

Salmon

Salmon stocks of the Bering Sea support large gillnet fisheries, which are managed by the State of Alaska.
Sockeye salmon is the dominant species targeted, with lesser amounts of chum, chinook, and coho salmon
harvested. In recent years, record numbers of sockeye salmon have been harvested, primarily in the Bristol Bay
area. In 1995, for example, it is estimated that 44,430,000 sockeye salmon were harvested in Bristol Bay alone,
along with 950,000 chums, 100,000 chinooks, and 50,000 coho salmon. The 1995 Bristol Bay salmon fishery
generated about $185,000,000. North of Bristol Bay in the Arctic/Yukon/Kuskokwim area, chum salmon and
chinooks dominate salmon catches.

Crab

Offshore areas of Bristol Bay have supported large fisheries for red king crab and Tanner crab. In recent years,
however, both of these stocks have been at low levels, such that no fishery occurred in Bristol Bay east of 163°
W in 1994 or 1995. After declining abundance throughout the 1960's and reaching a low during the years 1970-
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1972, recruitment to the Bristol Bay red king crab stock increased dramatically. New all-time record landings
were established in each year from 1977 to 1980. Declining recruitment, fishing pressure, and probably increased
incidence of disease and predation led to an abrupt decline in fisheries in 1981 and 1982. These precipitous
declines led to a closure of the Bristol Bay fishery in 1983. In 1984 the stock showed some recovery and a limited
fishery was reestablished. Between 1984 and 1993, the fishery continued at levels considerably below those of
the late 1970's. Landings during this period ranged from 1,900 t and 0.8 million crab (1985) to 9,240 t and 3.1
million crab (1990). Throughout the 1980's and 1990's there was little sign of a large year-class in this stock,
and since 1987, very few immature crab have been captured during the trawl survey. Low recruitment has led
to closure of the commercial fisheries fore Bristol Bay red king crab in 1994 and 1995. During these years,
Tanner crab fisheries were restricted east of 163° W longitude to reduce handling of king crabs.

A review of year-class strength formation and survival of red king crabs is provided by Tyler and Kruse (1995b).
After hatching, which generally occurs between April and June (Armstrong et al. 1993), red king crab spend 3
to 4.5 months in larval stages before settling to the benthic life stage which can last to 20 years. King crab molt
from 8 to 11 times during the first year and 8 more times by the age of 3 after which molting is annual. At larger
sizes, king crab may skip molt as growth slows. Sexual maturity is reached at approximately 5 to 6 years; and
50% of males are mature at 120 mm carapace length (CL) (NOAA 1991). Fifty percent of females are mature
between 86 and 90 mm CL (Otto et al. 1980). Red king crab can generally mate as early as January and through
June when they enter shallower waters (<50 m). Males grasp females just prior to female molting at which time
eggs are fertilized and extruded on the female abdomen. The female red king crab carries the eggs for 11 months
before they hatch.

After hatching, crab larvae drift generally from the spawning area nearshore along Unimak Island and the Alaska
Peninsula in the direction of Bristol Bay (Figure 4.11 from Armstrong et al. 1993). Armstrong et al. (1993)
concluded the following:

Given the location of juvenile habitat and apparent larval drift, we would expect larvae hatched near the
west end of the Alaskan Peninsula to have a better chance of reaching good habitat (and thus adulthood)
than those hatched in central Bristol Bay. This expectation is partly borne out by the observed spawning
distributions during the mid-1970's that led to high fishery abundance in 1979-80. Thus, nearshore
spawning areas from Unimak Island to east of Port Moller (160-163 °W) may be more important to
maintaining the stock than areas within the midshelf basin of Bristol Bay.

Young-of-the-year red king crab occur at depths of 50 m or less. They are solitary and need high relief habitat
or coarse substrate such as boulders, cobble and shell hash (Jewett and Onuf 1988). McMurray et al. (1984)
found that biological parameters were better correlated with juvenile crab distributions than were physical
parameters. A strong correlation was found between young-of-the-year crab and tube-building polychaete worms
(McMurray et al. 1984). The survival of 1-yr-old crabs was found to be related to cohort density and cover, with
mortality due to density (cannibalism) being significant only when no cover was available (Rounds et al. 1989).

Age 0+ to two year old red king crab were statistically correlated with sea urchin biomass, and older juvenile crab
were correlated with sea onion biomass (McMurray et al. 1984). Bryozoans and mussels also provide important
habitat (Stevens et al. 1991, Armstrong et al. 1993). Distribution of these invertebrates is shown in Figures 4.5
and 4.6. Citing McMurray, in absence of epifauna, age 1+ crab were found to prefer medium-size rock over
gravel, sand or small rocks, however the preference was for epifauna when available (Jewett and Onuf 1988).

The necessary juvenile red king crab habitat is patchy in Bristol Bay. Generalized areas of habitat have been
described (Figure 4.12 from Armstrong et al. 1993, and Figure 4.13 from Witherell and Harrington 1995), and
critical habitat is distributed within these areas. Jewett and Onuf (1988) state the following:
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Young crab depend on an environment which provides for adequate food (i.e. hydroids and bryozoans)
and protection from predators (demersal fishes). The distribution of such suitable substrates in some
locations (e.g. Bristol Bay) is extremely patchy, and it is believed that settling in areas where such
substrates are absent or limited will hasten natural mortality. Settlement on unprotected bottom
presumably will leave them exposed to predation, waves, and currents.

Between the ages of two and four years, there is a decreasing reliance on habitat and a tendency for red king crab
to form pods consisting of thousands of crab (Jewett and Onuf 1989, Dew 1990, Stone et al. 1993). Podding
continues until approximately 65 mm or four years of age when the crab move to deeper water (>50 m) and join
adults in the spring migration to shallow water for spawning and deep water for the remainder of the year.

Adult red king crab generally live in the deeper areas of Bristol Bay. Figure 4.14 provides the location and
relative abundance of red king crab encountered in a recent NMFS annual trawl survey. The information from
the trawl surveys indicates the general distribution of red king crab during the summer months when the trawl
survey is conducted. The circle centers indicate the locations of individual hauls, and the size of the circle
indicates the total number of crab encountered in the trawl. A large circle does not represent an expansion into
adjacent areas beyond the location of the haul.

There is little information available on red king crab predators across the range of life-stages (Jewett and Onuf
1988). Haflinger and McRoy (1983) reported on consumption of crab glaucothoe larvae in numbers which Jewett
and Onuf (1988) considered to be insignificant. Livingston (1989) reported on Pacific cod predation of molting
red king crab of which Livingston concludes that the percentages removed by cod form a small and declining part
of the total population decline.

43.6 Pacifi ing Bio} i ir S

Pacific herring spawning commences in January in the southern end of its range (California) and starts
progressively later to the north. As shown in Figure 4,15, spawning in the Bering Sea generally begins in May
in the Alaska Peninsula and Bristol Bay areas, and from June to mid-July in more northern areas. Spawning has
been noted to occur over a range of 6-10°C in the Togiak area . The duration of spawning may range from a few
days to almost a month depending on location and year.

Herring generally spawn in sheltered bays and avoid exposed coastlines. Spawning in the North Pacific takes
place near the shoreline between the high tide level and 11 meters (Hart 1973). Herring deposit eggs on
vegetation, primarily rockweed (Fucus sp.) and eelgrass (Zostera sp.) (Taylor 1964). Herring eggs are adhesive,
measure approximately 1 mm in diameter, and one square inch of seaweed may be covered with up to 1,000 eggs
in several layers. Eggs take 10-21 days to hatch depending on the water temperature. Herring hatch as larvae
averaging 8 mm in size. The planktonic larval stage lasts for approximately 6-10 weeks at which time the larvae
have grown to approximately 30 mm and begin to metamorphose into juveniles (Taylor 1964).

Upon completion of metamorphosis, juvenile herring are free swimming and begin to form schools. The schools
enlarge and move out of the bays as summer progresses (Taylor 1964). Little is known about the juvenile stage
in the Bering/Chukchi Sea region from the time they leave the coast in their first summer until they are recruited
to the adult population. Immature herring feed in coastal waters in summer and move to deeper water in winter.
Juvenile herring in British Columbia and southern Alaskan waters winter offshore and reappear in bays the
following summer (Taylor 1964).

Mortality is high during embryonic development. Taylor (1964) found egg mortality in British Columbia to range
from 55 to 99% and average 70-80%. The major causes of mortality were wave action, exposure to air, and bird
predation. Bird predation was the largest source of egg mortality (30-55%), but was a constant mortality source
and did not appear to influence relative year class abundance. Haegele and Schweigert (1990) estimated that
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7.1% of the eggs in Georgia Strait, British Columbia were lost to predation, primarily by birds and invertebrates
such as crabs, snails, and starfish. The majority of deposited spawn and kelp in the upper intertidal region along
the south shore of Cape Romanzov, in the Bering Sea, was destroyed or washed away during a severe storm in
1978 which indicates that wave action may be a serious limitation to herring productivity (Gilmer 1978).

Bering Sea herring populations overwinter in an area northwest of the Pribilof Islands (NPFMC 1981), and return
to coastal areas to spawn beginning at ages 3 to 5. The 1994 Togiak purse seine fishery was dominated by age
7 and age 8 fish, coinciding with strong year-classes (Funk 1994). The commercial gillnet fishery selects older
and larger herring (mostly females), and consequently caught primarily age 9 fish and older. Herring are
iteroparous, and may live to age 15.

In the eastern Bering Sea, predation on juvenile and adult herring is low relative to biomass removal by the
commercial fishery (Livingston 1993). Herring were eaten primarily by fish (Pacific cod), followed by marine
mammals (harbor seals, ringed seals, and spotted seals), and birds (common and thick-billed murres). The
relative size of Pacific herring removed due to mortality is shown in Figure 4.16. Total removals relative to
stock size were relatively small.

4.3.7 Pacific Halibut Biology and Habitat Requirements

Pacific halibut are distributed on the continental shelf of the North Pacific Ocean from Japan to California.
Halibut undergo seasonal spawning migrations, moving to shallow water in the summer to feed and to deeper
water in the winter to spawn. Extensive coastwide migrations also occur, with large halibut showing an overall
migration from north to south, based on tag returns.

In the Bering Sea, halibut movements are based to a large extent on water temperature. During the winter
months, ice covers much of the Bristol Bay halibut nursery area and water temperatures near bottom drop to 0°C
or less. As the bottom temperatures drop past acceptable levels, halibut tend to concentrate into the deeper,
warmer waters along the continental edge and also into the shallower (50 to 90 m) warmer waters originating
from coastal Gulf of Alaska waters flowing into the Bering Sea through Unimak Pass and extending along the
north shore of Unimak Island to Amak Island. With the advent of spring, as the warming progresses, young
halibut move eastward along the north side of the Alaska Peninsula and usually are found throughout Bristol Bay
in June. By late June, they spread northward toward Nunivak Island and as far as St. Matthew Island. Many of
the tags released in the Bering Sea have been recovered within the area and have confirmed the annual migration
from deep areas in winter to shallow in summer and return to deep water in the winter (Best 1977).

In the eastern Bering Sea, the youngest halibut have been found on the southern flats and in the shallow waters
along the Alaska Peninsula, the north shore of Bristol Bay and the Aleutian Islands. Larger, older juveniles and
adults are known to range into the more northerly part. The younger fish possibly do not have the strength and
endurance to make the longer migration and compete with the larger individuals even though the environment is
suitable during the summer. Although the percentage of juvenile halibut in Bristol Bay is higher than in other
Bering Sea areas, the abundance of both juveniles and adults is quite low in nearshore areas of Bristol Bay
(Figure 4.15, from Gilroy and Hoag 1993).

438 ishin nthi
Groundfish fishing can impact crab through gear interaction. Impacts on crab that come into contact with the gear
but are not captured, has proven difficult to quantify because they occur on the ocean floor and cannot be directly

observed. Studies on the potential effects of trawls, dredges, longlines, and pots as they may relate to benthic
habitat are summarized below.
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Traw] Gear

Jones (1992) provides an overview of available knowledge on impacts of bottom trawling on the benthic
environment. For this review, bottom trawling includes otter trawls, beam trawls, dredges, and Danish seines.
Jones categorizes the ways in which trawling can disrupt the habitat: 1) scraping and plowing the sea-floor, (2)
sediment re-suspension, (3) damaging or removing non-target benthic organisms, and (4) dumping of processing
waste. Evidence of trawling, such as furrows from the trawl doors, varies in its depth into the sea-floor and its
duration depending upon the "softness" of the bottom being trawled. In terms of sediment re-suspension, the
report notes that there are two facets to this issue: (1) increased, and usually temporary turbidity and (2) vertical
redistribution of sediment layers. Both of these results of bottom disturbance by trawl gear were noted to vary
in their duration, primarily dependent upon the depths at which they occurred. The report also concludes that
"From the work performed under the aegis of ICES, it would appear that beam trawls, otter trawls, and dredges
are all basically similar in their effects. Generally, the heavier the gear in contact with the seabed, the greater the
damage. The effects vary greatly, depending on the amount of gear contact with the bottom, together with the
depth, nature of the seabed, and the strengths of the currents or tides....The removal of the macrobenthos has
variable effects. In shallow water areas where the damage is intermittent, recolonization soon occurs. However,
where the macrobenthos is substantially removed and recovery is not permitted, the change is permanent....The
evidence is that bottom trawling has an impact on the environment, but that the extent and duration of that impact
varies depending on local conditions."

Another review of the impacts of trawling on the seabed and benthic community (Thompson 1993) concludes
that " it is clear that trawling can impact both the seabed and the benthic community. The extent of these impacts
depends on the weight of the gear, the towing speed, the nature of the bottom sediments, and the strengths of tides
and currents. Bottom trawl doors leave scars on the seabed that can last for minutes, hours, or years. Trawls can
damage benthic organisms, thereby causing changes in community species composition and population age
structure, but perhaps also leading to an increase in the availability of forage for commercial species. Whether
changes in community species composition would tend to come at the expense of commercially important species
such as crab is difficult to determine.”

The following excerpt from the groundfish plan team's Ecosystems Considerations Chapter (NPFMC 1994),
discusses observations of habitat impacts in the Gulf of Alaska. "Substrate indentations caused by trawl doors
were common at many of the dive sites in submersible studies conducted by the NMFS Auke Bay Lab. The depth
of the indentations ranged from a few inches on hard, pebble substrate to three feet on soft sand. Trawl marks
were numerous on hard substrate. No obvious differences were noticed in kinds or amounts of fauna and flora
within or without the trawl paths. Trawl marks were also common at some soft bottom sites off Yakutat (videos
shown at council meeting in Sitka). These marks were probably of recent origin because silt had not filled in the
furrows dug by the trawl doors, and displaced habitat was evident -- boulders and cobble were displaced, silt was
brushed off the habitat, and flora were knocked down or missing. Displaced habitat and flora between the trawl
door marks were obvious at these sites."

Dredge Gear

Similar to trawling, dredging may place fine sediments into suspension, bury gravel below the surface, and
overturn large rocks that are embedded in the substrate (NEFMC 1982, Caddy 1968, 1973). A study of scallop
dredging in Scotland showed that dredging caused significant physical disturbance to the sediments, as indicated
by furrows and dislodgement of shell fragments and small stones (Eleftheriou and Robertson 1992). The authors
note that these changes in bottom topography did not change sediment disposition, sediment size, organic carbon
content, chlorophyll content, or biomass and abundance of infuanal community components. However, direct
observations in dredge paths indicated that large numbers of mollusks, echinoderms, and crustaceans were killed
or damaged by dredging operations (Eleftheriou and Robertson 1992). Observations of the Icelandic scallop
fishery off Norway indicated that dredging changed the bottom substrate from shell-sand to clay with large stones
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within a three-year period (Aschan 1991). Messieh et al. (1991) found that dredge marks on the sea floor tend
to be short-lived in areas of strong bottom currents, but may persist in low energy environments. Mayer et al.
(1991) investigating the effects of a New Bedford scallop dredge on sedimentology at a site in coastal Maine
found that vertical redistribution of bottom sediments had greater implications than the horizontal translocation
associated with scraping and ploughing the bottom. The scallop dredge tended to bury organic matter below the
surface, causing a shift in sediment metabolism away from aerobic respiration that occurred at the sediment-water
interface and instead toward subsurface anaerobic respiration by bacteria.

Longline Gear

Very little information exists regarding the impacts of longlining on benthic habitat. Observations of halibut
longline gear made by NMFS scientists during submersible dives off Southeast Alaska provide some information
(NPFMC 1992). The following is a summary of these observations: "Setline gear often lies slack on the sea-
floor and meanders considerably along the bottom. During the retrieval process the line sweeps the bottom for
considerable distances before lifting off the bottom. It snags on whatever objects are in its path, including rocks
and corals. Smaller rocks are upended, hard corals are broken, and soft corals appear unaffected by the passing
line. Invertebrates and other light weight objects are dislodged and pass over or under the line. Fish, notably
halibut, frequently moved the groundline numerous feet along the bottom and up into the water column during
escape runs disturbing objects in their path. This line motion was noted for distances of 50 feet or more on either
side of the hooked fish."

Pot Gear

Pot gear may also impact habitat by sediment re-suspension and upending small rocks, shells, ascidians,
bryozoans, and other bottom structure during the process of setting and retrieving pots; however, no literature
regarding these impacts could be found.

5.0 NEPA REQUIREMENTS: ENVIRONMENTAL IMPACTS OF THE ALTERNATIVES

An environmental assessment (EA) is required by the National Environmental Policy Act of 1969 (NEPA) to
determine whether the action considered will result in significant impact on the human environment. The
environmental analysis in the EA provides the basis for this determination and must analyze the intensity or
severity of the impact of an action and the significance of an action with respect to society as a whole, the affected
region and interests, and the locality. If the action is determined not to be significant based on an analysis of
relevant considerations, the EA and resulting finding of no significant impact (FONSI) would be the final
environmental documents required by NEPA. An environmental impact study (EIS) must be prepared for major
Federal actions significantly affecting the human environment.

An EA must include a brief discussion of the need for the proposal, the alternatives considered, the environmental
impacts of the proposed action and the alternatives, and a list of document preparers. The purpose and
alternatives were discussed in Section 1, and the list of preparers is in Section 10. This section contains the
discussion of the environmental impacts of the alternatives including impacts on threatened and endangered
species and marine mammals.

5.1 i f lternati

The environmental impacts generally associated with fishery management actions are effects resulting from 1)
harvest of fish stocks which may result in changes in food availability to predators, changes in the population
structure of target fish stocks, and changes in community structure; 2) changes in the physical and biological
structure of the benthic environment as a result of fishing practices, e.g., effects of gear use and fish processing
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discards; and 3) entanglement/entrapment of non-target organisms in active or inactive fishing gear. A summary
of the effects of the 1995 groundfish total allowable catch amounts on the biological environment and associated
impacts on marine mammals, seabirds, and other threatened or endangered species are discussed in the final
environmental assessment for the 1995 groundfish total allowable catch specifications.

In order for the population of red king crab in Bristol Bay to be stable or rebuild, the annual replacement by
young crab must, on the balance, meet or exceed removals of all crab. The relationship of population removals
to population additions may be useful as a general indication of the health of the red king crab population in
Bristol Bay. The total removals of red king crab, by natural mortality, directed fishing, and bycatch, were
estimated over a series of years and compared with estimates of recruitment which would add to the population
in the following year. The population estimates, recruitment and mortality parameters were as estimated by
Zheng et. al. in the series of papers outlining the length-based assessment (LBA) population model for Bristol
Bay red king crab.

The population estimates of red king crab for which mortality estimates were available as used in the LBA (small
and mature male crab and mature female crab) are provided in Table 5.1. The associated natural mortality
parameters (m) are provided as well. The annual rate of natural mortality was projected as (1-¢™). In the LBA
analysis, the year is assumed to begin when the annual trawl survey is conducted in June of each year. Since
directed harvest of red king crab occurs after approximately 40% of this year has passed, the directed catch of
red king crab was adjusted by 60% of natural mortality (m) because the crab in the fishery would have been
removed due to natural mortality had the fishery not occurred. Bycatch numbers were not adjusted because
bycatch, as natural mortality, is estimated to be possible throughout the year.

The recruitment of new crab to the population from LBA estimates are provided in Table 5.1 as well. The
recruited crab have been lagged in the table by one year. The reason for the lag is so that the total removal of crab
in a year can be compared with the number of crab which would replace them at the start of a new year.

The additions and subtractions to the population are summarized in Figure S.1. Recruits to the population in
year i + 1 are represented as positive on the Y axis and have been lagged to year i. The population mortalities
in year i are represented as negative numbers on the axis. The general trend apparent from the figure shows a
declining magnitude of the numbers over time. The additions exceeded removals until 1977. During the period
1977 - 1982, removals exceeded additions to the population. As has been described in the previous analysis
(NPFMC 1995), the red king crab population in Bristol Bay increased in numbers through the late 1970’s and
reached a peak abundance in 1980. The population declined dramatically in the early 1980’s and there was no
directed fishing allowed in 1983, with reduced harvest in subsequent years. It appears that in spite of high
population numbers in the late 1970’s, the continued removals from the population exceeded recruitment, and
the population was not able to sustain the high abundance levels. In recent years, the magnitude of both
recruitment and mortalities has been relatively low.

The net changes in the Bristol Bay red king crab population are provided in Figure S.2. Estimates of recruitment
were added to the negative mortalities to arrive at the net changes to the population. As discussed above,
additions exceeded removals until 1977, removals exceeded additions during the period 1977 - 1982, additions
generally exceeded removals again between 1983 and 1988, however, since 1988 the removals have generally
been greater than additions.

Recruitment in recent years has been at historical lows, and the cumulative effect of natural and man-induced
mortalities has exceeded the ability of the population to replace itself. The need for factors leading to high
recruitment events is apparent and vital to the red king crab population in Bristol Bay.
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Alternative closure periods that encompass the molting period of red king crabs would reduce mortality of crab
taken as bycatch and those crab not retained by trawl gear. Studies have shown that trawl damage to crabs and
lobsters is greater on softshelled animals. Smith and Howell (1987) found that major damage rates of lobster due
to trawling ranged from 12.6%-14.0% during molting periods but only 0-5.6% when lobsters were in hardshell
condition. Stevens (1990) found that immediate mortality of red king crabs taken as bycatch in trawls was
inversely related to shell age. Red king crabs are thus more susceptible to injury and mortality during the period
January through June when molting occurs in the Bering Sea. Stevens (1990) concluded that "reduction of king
(and probably Tanner) crab mortality could be achieved by conducting the trawl fishery during periods of the year
when molting activity is at a minimum". This reduction in mortality can be achieved by Alternative 2. Option
A (6-month closure) would eliminate trawling in the area during the molting period. Option C (7-month closure)
would also protect red king crab during the shell hardening period. Alternative 2, Option B (year-round closure)
would reduce mortality of softshell crab and hardshell crab in the area.

Alternative 3 would provide habitat protection in nearshore areas, but may result in increased impacts on red
king crab because a portion of Area 512, Area 516, and the Red King Crab Savings Area would be open to
trawling. It is difficult to estimate what the impacts of this alternative might be without data on bycatch rates.
Survey data indicate that crab are found in abundance in the proposed open area, however. As discussed in
Section 2, survey data show that 38% of mature male and 12% of the mature female red king crab are found
outside the closure area. These crab would be exposed to trawling.

5.12 nti ifyi B h Limi I h

None of the management measures considered in this document is likely to have significant impacts on groundfish
stocks. Catch of all groundfish is counted against the TAC, regardless where it is caught. Closure of areas to
groundfish trawling will likely be offset by increased effort outside the closure areas. No changes to groundfish
stock status from the status quo are expected, as it is likely that fisheries will continue to remove about two
million metric tons of groundfish per year from the BSAI region.

5.1.3 Pote

There are several ways to measure relative crab mortality caused by the trawl fishery. The simplest way is to
compare current levels of bycatch as a percentage of total crab population. For example, current bycatch amounts

to about 0.5% of the red king crab population, 1.2% of the
Tanner crab population, and 0.14% of the snow crab | Crab bycatch in trawl fisheries as a percentage of
population based on recent NMFS ey indices of total crab abundance as indexed by NMFS surveys.
abun.dance. It should be noted that the NMFS survey Bristol Bay EBS EBS
provides population estimates as an index only; small crab Red king Tanner Snow
are not fully vulnerable to the trawl gear used, and |1992 0.49 % 0.92 % 022 %
" n PR 1993 0.52% 134 % 0.13%
consequently the "real” crab population size is likely much
larger than the survey index. Therefore, bycatch accounts for Toos 082 % 130% P
£ y - » YC accounts 10r | 1995 0.13% 121% 0.06 %
a smaller percentage of the actual population than indicated | AVERAGE  0.49 % 1.19% 0.14 %

by the survey index comparisons.

A better measurement of impacts would take into account other factors such as the size and sex of crab taken.
In January 1995, the Council's Scientific and Statistical committee recommended that the impacts of crab bycatch
should be measured by adult equivalents. This also provides better estimates of impacts across fisheries.

Based on information summarized in Section 1, a simple accounting formula was used to estimate mortality in

adult equivalents for males and females of all three crab species examined. Inputs to the formula were discussed
in Section 3, and summarized in Table 5.2. Adult equivalents were calculated based on the following equation:
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Q = (N*n*D)*(A)'

where:
Q= adult equivalents, measured in number of crab of the sex and species examined
N=  Number of crab bycaught of that species
n= proportion of bycatch observed to be male (of female depending on application)

D= discard mortality rate; the proportion of crab bycaught that die due to capture and handling
(trawl, 0.80; longline, 0.37 (rkc) 0.45 (Tanner and snow crab); groundfish pot, 0.08 (rkc) 0.30
(Tanner and snow crab); scallop dredge 0.40; crab pot 0.08)

A= conditional annual survival rate set at 0.75, based on (e™) where M=0.30

t= years to recruitment in fishery (males) or spawning stock (females); based on average age of
bycatch versus average age of crab in directed fishery (males) or average age to maturity
(females).

(N*n*D) = number of crab of killed for the sex and species examined

(A= adjustment factor to account for age

Results of this exercise indicate that the effects of trawling and other human activities on crab mortality depend
on species, sex, and year examined. Results are shown separately for 1993-1995 for male and female red king
crab (Tables 5.3-5.5 ), Bering Sea Tanner crab (Tables 5.6-5.8 ), and snow crab (Tables 5.9-5.11 ). [Note that
the impacts calculated for 1995 do not include crab fishery bycatch data, which were not available at the time of
document preparation. Hence, the analysis underestimates the impact of bycatch in crab fisheries for 1995.] A
summary of the relative impacts of the groundfish, scallop, and crab fisheries, in terms of adult equivalents, is
shown in Table 5.12. A summary of the impact of these fisheries relative to crab populations is shown in Table

513

This exercise of determining adult equivalents provided two major insights into the impact of trawl bycatch.
First, a comparison of adult equivalent mortality across fisheries is instructive for developing a crab rebuilding
pOhcy,' In yea.rs when a GHL is Average adult equivalent crab removals by groundfish, scallop, and crab
eStathhofd’ the single largest source of fisheries as a percentage of total crab abundance, 1993.

human induced crab inortality is

removals of legal males by directed crab Brli:tol Bay . EBS EBS
. . Red king anner Snow
fisheries. This is true for male crab of all " male  fenle ke fomale e fem

three species. Crab fisheries accounted
for about 98% of the male red king crab, | Groundfish 0.82% 098%  424% 173% 106% 0.12%
85% of male Tanner crab, and 98% of | Scallop 0.00% 0.00% 009% 0.19% 0.00% 0.00 %
the male snow crab mortality. The crab Crab 3523% 204% 2973% 1.79% 8039% 0.01%
fishery has a relatively smaller impact on
females. For females, crab fisheries accounted for 68% of the female red king crab, 47% of the Tanner crab, and
6% of the snow crab mortality. Most of the remaining removals are due to the trawl and other groundfish
fisheries. In all cases examined, the scallop fishery had relatively little impact on crab stocks as measured by
observed bycatch. These data indicate that reductions in crab quotas for crab fisheries may have relatively more
impact on rebuilding than reductions in

crab bycatch in trawl or dredge fisheries. | Average adult equivalent crab bycatch in groundfish fisheries as a
percentage of total crab abundance, 1993-1995.

The .secox.ld insight provided by this Bristol Bay EBS EBS
exercise is a measur§ment of adult Red king Tanner Snow
equivalent removals relative to population | Year male  female male female male female

size. As indicated by the adjacent table,

bycatch in eroundfish fisheries has | 1993 082% 098% 424% 173% 106% 0.12%
r% oivel g;u . s e atS) 1994 088% 147% 425% 187% 227% 0.12%
clatvely  sm Impacts on  Crab | jgg5 022% 024% 569% 091% 109% 003%

populations. Of these crab species,
groundfish fisheries impact Tanner crab | Average 064% 090%  473% 150% 147% 0.09 %
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the most, killing almost 5% of the adult male stock as bycatch. The impact on female Tanner crab was less, as
fewer females are taken as bycatch. Smaller impacts on red king crab and snow crab were estimated.
Additionally, impacts due to the 1995 groundfish fisheries on these crab species were generally lower than in
previous years.

From these data, one can also estimate what a reduction in trawl PSC limits means in terms of female spawning
biomass. For example, an 82.5% reduction in allowable bycatch of red king crab to 35,000 (the most
conservative alternative) would result in about a 0.75 % increase in female spawner abundance [Calculation =
0.825%0.90% = 0.743%]. In other words, for 1994, abundance of Bristol Bay red king crab females may have
been increased from an estimated 8.746 million mature females (LBA estimate) to about 8.811 million mature
females if such a reduced PSC limit had been in place. Such an increase (65,000 crabs) would be almost
unmeasurable, as the trawl survey estimated the 1994 mature female abundance to be within the range of 4.2
million to 10.9 million (Stevens et al. 1994). The impacts of a 25% reduction in Tanner crab PSC limits
proposed under Alternative 2 would result in about a 0.38% increase in female spawner abundance. In other
words, Tanner crab female spawner may have increased from 37.2 million mature females to 37.3 million mature
females in 1995. A limit on the take of snow crab could serve to maintain minimal impacts of bycatch on
spawning biomass.

This analysis indicates that reducing the PSC limits may not drastically improve or rebuild crab stocks. Because
bycatch mortality caused by trawl fisheries is very small relative to other sources of removals due to natural and
fishing mortality, reductions in bycatch limits may not result in measurable improvements to crab stock
abundance. Potential "savings" of crab through PSC reductions proposed under Alternative 2 and 3 will increase
crab available for harvest or spawning only slightly. This was also the conclusion of Stevens (1990) who stated
that "Removals of this magnitude (0.5% of the population as trawl bycatch) are well below the ability of the
NMES crab survey to detect, and probably have no significant biological impact”. However, as noted in Section
5.1.1, the cumulative effect of natural and man-induced mortalities has exceeded the ability of the red king crab
population to replace itself. Any reduction in mortality would slow the decline of the Bristol Bay red king crab
stock. Adult equivalent removals of about 65,000 female spawners likely has more impact on the red king crab
stock when abundance is low than when the stock is at higher levels.

Although concern has been raised about the unknown mortality of crabs caused by trawling, reducing PSC limits
may exacerbate these unobservable impacts. In an attempt to catch less crabs (via reduced bycatch limits, VIP
regulations, or proposed measures such as IBQ's, Harvest Priority, etc.), trawl fishermen may modify their gear.
Modifications to footrope design, roller size, and mesh size can result in fewer crabs being retained and counted
by observers (NRC 1988). For trawl fisheries historically limited by bycatch limits, reduced bycatch rates of PSC
species may result in increased effort (at least until limited by TAC of targets). In turn, increased trawl effort
could result in increased unobservable impacts on crab resources. This possibility was also raised during the
Council's 1993 deliberations over trawl codend mesh size, but the benefits of reduced bycatch were felt to
outweigh the possible costs of unobserved mortality due to non-retention.

Alternative 3 as currently drafted (PSC limits based on "total" crab abundance) may have biological impacts on
crab stocks. The biggest drawback of using abundance indices for population totals as opposed to those for larger
crabs is that there is considerable doubt as to what fraction of the total areal distribution of the population is being
sampled by the NMFS summer survey. The survey area is largely determined by the distribution of commercially
exploitable stocks which generally corresponds to that of mature animals of various species but not to the general
range of a stock or species. This is true for both crabs and various fishes.

Small changes in the distribution of juveniles can cause large changes in survey abundance indices because
nursery areas are often found at the edges of the survey area. Relative to the annual survey area, many juvenile
Tanner crabs are found in deeper water, many juvenile snow crab are found to the north and small juvenile red
king crab are found inshore. Obviously small changes in survey area that occur from year to year may have
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similar effects. For example, when adverse budgets or weather cause a shrinkage in the survey area, the tendency
is to contract into areas on known commercial abundance at the sacrifice of peripheral areas where juveniles are
frequently dominate catches.

The statistical distribution of small crabs tends to show a greater degree of dispersion than for larger crabs. This
is especially so for red king crab. For example, over the last 5 years (1991-1995) the coefficient of variation
(here 100 * std. err./ mean) for juvenile female red king crabs (<90 mm CL) averaged 44.1 and ranged from 28.4
to 82.4. For mature females (>89 mm CL) the average was 19.1 and the range was from 15.9 to 22.6. The above
problems lead to imprecision, bias and year to year instability that can occur quite apart from actual changes in
the population. Since changes in total abundance indices are frequently dominated by those of juveniles it may
be better to use a multi-year index and or one that is based on the abundance of mature crabs, rather than keying
the bycatch cap to the total population index in a given year.

5.14 Pote

The primary fisheries with directed effort in the proposed Bristol Bay closure area (east of 162° West Longitude)
are the bottom trawl fisheries for yellowfin sole, flatfish, other flatfish and rocksole. The percentages of observed
catch and the bycatch of several species in these fisheries during the period 1986 - 1994 are provided in Table
5.14 and Figures 5.3 and 5.4. There has historically been very limited observed fishing in Area 508 (Table 5.14
and Figure 5.4).

Of the four fisheries examined, the directed fishery for yellowfin sole has historically taken the highest percentage
of catch within the Bristol Bay area. The percentage of catch in the JV fisheries ranged between 11% and 45%
between 1986 and 1988. There was no directed fishing in Bristol Bay in 1989. Since the domestic fisheries
began in 1990, the yellowfin sole fishery took approximately 11%, 50%, 25%, 11% and 2% of its catch in Bristol
Bay in the 5 years 1990 to 1994, respectively. The highest percentages of directed catch from the Bristol Bay
area by the other fisheries were 9% and 7% by the flatfish fishery in 1991 and 1992, respectively; 33% by the
other flatfish fishery in 1994; and 11% by the rock sole fishery in 1987. Otherwise, a relatively small percentage
of the total directed catch was taken in Bristol Bay by these fisheries (Figure 3.3).

Trawl fishing activity in the Bristol Bay area is generally concentrated in the vicinity of Togiak Bay, and is
primarily for yellowfin sole (Figures 5.5 - 5.7). Figures 5.8-5.13 also show the hauls with bycatch of herring
and crab in 1992, 1993 and 1994. Because of the intense fishing effort in a relatively small portion of Bristol
Bay, the bycatch of crab and herring also overlap with the directed catch in Togiak Bay. Additional plots of
herring, Tanner crab, and halibut bycatch are provided in Appendix 10.

Among the bycatch species, virtually no Tanner crab have been bycaught in the Bristol Bay area. In contrast, a
very high percentage of the herring bycatch taken by the four fisheries under discussion was taken in the Bristol
Bay area. It should be pointed out, however, that although a high percentage of herring bycatch by these fisheries
occurs within Bristol Bay, there is also significant bycatch of herring by the pollock fisheries in areas 514 and
517. The flatfish bycatch does not generally constitute the major bycatch of herring. The yellowfin sole fishery
took 85%, 98%, 100%, 91% and 89% of its herring bycatch in the Bristol Bay during the years 1987 - 1992,
respectively. In 1993, this percentage dropped to 46%, and in 1994 it dropped further to 17%.

Because a higher percentage of directed catch is taken in Bristol Bay by the yellowfin sole fishery, the percent
of bycatch species taken in Bristol Bay also tends to be higher than in the other fisheries. The percentage of
observed halibut bycaught by the yellowfin sole fishery in the Bristol Bay area is generally lower than the
percentage of directed catch taken in the area, and varies between 10% and 30%. A high of 41% of yellowfin
sole bycaught halibut were taken in the Bristol Bay area in 1991. Similarly, the bycatch of red king crab by the
yellowfin sole fishery has ranged between 0% and 20% of the fishery total bycatch between 1986 and 1994. The
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exception to this was the 1991 domestic yellowfin sole fishery which bycaught 45% of its red king crab in the
combined northern Bristol Bay and 508 areas.

In summary, the fishery with the highest percentage of directed catch taken within the Bristol Bay area is the
yellowfin sole fishery. A high of 50% of the yellowfin sole observed catch was taken in 1991, however, this
percentage has declined annually until only 2% of the directed catch was taken in Bristol Bay in 1994. The
percentages of prohibited species bycatch taken in the Bristol Bay area are generally similar to the catch
percentages with the exception of herring which generally constitutes a very high percentage of the total yellowfin
sole bycatch of herring.

r Alternatives 2 3

During the April Crab Rebuilding Committee meeting, and in the April Council meeting, it was suggested that
the area between 159° and 160° W longitude and 58° and 59° N latitude be considered as a possible section of
northern Bristol Bay to remain open (Option A), given a general closure of the Northern Bristol Bay area to
trawling. This is an area of intense fishing effort by the yellowfin sole fleet, but is also an area of relatively low
bycatch rates, and a large portion of the area is protected by the Walrus Islands 12 mile buffer, and the 3 mile
State territorial limit. During public testimony at the April Council meeting, a request was also made that the
northern boundary of this option extend to 58° 43’ rather than 59° N latitude.

The percentage of total catch, and the percentages of red king crab, Tanner crab, halibut, and herring bycatch
from observed hauls in this area are provided in Table 5.15. The total numbers or weights from which these
percentages were derived are presented in Table 5.14 for the entire Bering Sea, as are the percentages of catch
and bycatch in the entire Northern Bristol Bay area.

The percentages of directed catch taken by the yellowfin sole fishery within the two blocks in Northem Bristol
Bay were similar to the percentages reported in Table 5.14 for the entire Northern Bristol Bay area, indicating
that most of the catch is taken within these blocks. The largest difference in percentage between the two blocks
and the entire Northern Bristol Bay area was in 1988 when approximately 30% of the directed catch was taken
in the two blocks, and approximately 38% of the directed catch was taken in all of Northem Bristol Bay.

The highest percentages of total observed king crab bycaught in the yellowfin sole fishery within the two blocks
in northern Bristol Bay under this option were 13% in 1991 and 12% in 1993. The comparable percentages for
the entire Northern Bristol Bay area were 45% and 15% in 1991 and 1993, respectively (Table S.14). In 1991,
the percentage of total catch taken in the two blocks was 47% of the yellowfin sole catch that year, and the total
taken in the entire Northern Bristol Bay area was 50%. So 3% of the directed catch and 32% of the king crab
bycatch was taken in Northern Bristol Bay outside of the two blocks under consideration in 1991. This would
indicate that the area of secondary fishing activity, along the northern border of Area 512, can account a
disproportionately large portion of the king crab bycatch within northern Bristol Bay. In other years this
percentage has been substantially lower.

The percentages of halibut bycaught within the two blocks are similar to those from all of Northern Bristol Bay.
Essentially no Tanner crab are encountered in trawls within the two blocks. As with the analysis of the impacts
of the Northem Bristol Bay closure, the percentages of herring bycaught by the yellowfin sole fishery are much
higher than the percentage of directed catch from the area. In the domestic fisheries since 1990, all of the herring
taken in the Northern Bristol Bay area were taken in the two blocks under this option.

The percentages of catch and bycatch within the area bounded by 159° and 160° W longitude and 58° and 58°
43’ N latitude are provided in Table 5.15 as well. In most years, the percentages are nearly identical to the above
Option A with a northern boundary of 59° N latitude. This would indicate that the majority of catch and bycatch
taken in the area described under the above option have been taken south of 58° 43 N latitude, and a maximum
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of approximately 5% of the total catch was taken north of this boundary in 1991. The only bycatch species for
which the percentages are not similar regardless of the northern boundary are Pacific herring. In 1988, an
additional 35% of the total herring bycaught by the yellowfin sole fishery was taken north of 58° 43’ N latitude,
and in 1992 an additional 25% of the total herring bycatch was taken north of the boundary. Additionally,
although little effort is expended by other directed fisheries in the area, an additional 40% of the herring bycaught
in the flatfish fishery during 1993 was taken north of 58° 43’ N latitude, and 100% of the other flatfish bycatch
of herring was taken north of the proposed boundary in 1994.

The effectiveness of a trawl closure area to protect juvenile red king crab, proposed under Alternatives 2 and 3,
Management Measure 3, hinges on recruitment dynamics and the distribution of juveniles and their habitat. A
review of year-class strength formation and survival of red king crabs is provided by Tyler and Kruse (1995b).
It has been hypothesized that red king crab encounter a critical intersection at the settlement and juvenile stage,
when the availability of appropriate habitat may constrain the abundance of juveniles, in turn affecting the year
class strength and recruitment (Cassano et al. 1995, Tyler and Kruse 1995). Larval crabs drift with the current
before they settle on the sea floor. Larval settlement and survival patterns vary according to ocean currents and
availability of appropriate substrate. If the current transports the larvae to an area without suitable habitat, the
chances of survival are slim (McMurray et al. 1984, Jewett & Onuf 1988). Larval crab settle in late July and
August in areas with biotic assemblages and rocky substrate, where they stay as juvenile crab for the first two
years before they move to deeper waters. Juvenile red king crab are solitary, cannibalistic, and require habitat that
provides protection. Therefore, during this time they are mainly found among biotic assemblages, such as tube
building polychaete worms, sea onion, erect bryozoans, mussels, kelp, and ascidians (McMurray et al. 1984,
Stevens et al. 1992, Armstrong et al. 1993). If no epifaunal community exists, juveniles can be found on rocky
or gravel substrate (McMurray et al. 1984).

In the Bering Sea, juvenile red king crab inhabit depths less than 50 m, and have been found along the Alaska
Peninsula, and around Kvichak and Togiak Bays. Within this area juveniles live among epifaunal communities,
which are associated with gravel/cobble substrate. Juvenile distribution in Bristol Bay can be interpreted from
the distribution of gravel/cobble substrate (Hood and Calder 1981, McMurray et al. 1984) and areas sampled
for young crab (McMurray et al. 1984, Stevens et al. 1992, Armstrong et al. 1993). Suitable juvenile habitat is
"extremely patchy" in Bristol Bay (McMurray et al. 1984, Jewett & Onuf 1988). Areas shown by surveys to
contain age 0-2 juvenile crab likely underestimate their actual distribution because the entire area has not been
sampled, and young crab are difficult to catch with sampling gear, particularly in cobble habitats (Stevens et al.
1992). Furthermore, distribution of juvenile red king crab may be affected by year class strength. Juvenile surveys
were conducted in years of low stock abundance, 1984 and 1991. The abundance and distribution of juveniles
might have been more encompassing and conclusive had the surveys occurred in the early 1970's. Sample areas
with low abundance could be viable habitat in times of high abundance. From the existing survey data it is not
possible to determine the exact distribution of juveniles in any given year. However, by combining the survey data
of where juveniles have been sampled with substrate information, a general distribution of juvenile red king crab
habitat can be inferred.

Potential benefits of a trawl closure area for red king crab habitat depend on the alternative and option chosen.
Alternative 4 provides protection for most of the year, but would still allow trawling to potentially occur in habitat
areas from April 1 to June 15, as well as in Area 508. The addition of Option A for this alterative provides
additional protection of habitat. Although the Alternative 2 closure area in northern Bristol Bay would protect
some juvenile red king crab habitat, more comprehensive nearshore area closure of Alternative 3 may provide
additional protection of juvenile red king crab habitat. Due to the depressed state of the stock and the existing
knowledge that trawling may potentially damage juvenile habitat, a modified trawl closure might be warranted.
More extensive trawl closures than encompassed by Alternative 2 have been proposed (Armstrong et al. 1993,
Cassano et al. 1995, and Witherell and Harrington 1995). The lack of suitable habitat could be a population
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constraint, and habitat protection should be considered as a means to increase red king crab populations
(Armstrong 1993, Cassano et al. 1995). A more extensive trawl closure would also protect migrating juveniles.
After age 2, juvenile crabs begin podding, forming into large clusters of crab for protection from predators as
they move into deeper waters (>50 m) (Jewett & Onuf 1988, ). These pods are vulnerable to trawling, which
could cause direct mortality or break up pods and expose crabs to predation. Maximum protection of red king
crab and juvenile habitat is thus provided by Alternative 3.

In September 1995, the Council's Scientific and Statistical Committee concluded that refuges to protect juvenile
king crab can assist with stock rebuilding, but quantitative analysis of these effects could not be made. They
state:

"In general, area closures to protect species and their habitat can contribute to successful

recruitment and population rebuilding. Witherell & Harrington (1995) review evidence that

specific early-life history stages of red king crab require rocky bottom with living substrate for

settling, and then gravel sediments in the early juvenile stages. These bottom types are limited

in extent and lie towards the shore in Bristol Bay. There is sufficient evidence of the importance

of these sediments, and consequently proposals for the protection of these areas from trawling

activities have to be taken seriously. It was proposed that the effects of closures be evaluated

against their effects on brood strength of the king crab stocks. It must be realized, however, that

the life history of red-king crab is extremely complex, much more so than many groundfish

species. There are several critical control points in the life history that have to be factored into

any evaluation of the development of king crab brood strength. This means a multivariate study

of factors, only one of which is improved survival while they are on rocky and cobble bottom.

Some of the needed time-series of data are not being collected at the present time. Because of

these deficiencies it would not be possible to quantify the effects of protecting benthic habitat

on year-class strength.”

Based on analysis of life history and spawning migrations of major stocks of red king crab around the world,
Rodin (1989) established 4 major habitat factors that must be present for red king crab populations to persist:

1. The conditions and period of massive hatching of larvae in the coastal zone must be combined with
transport of larvae to favorable habitats for survival of young,

2. A well developed sessile community (dense concentration and large areas of hydroids, bryozoans, and
sponges) and a food base is necessary where settlement occurs,

3. A broad continental shelf is necessary with fish food base for adult crab,

4. No physical barriers to juvenile and adult migrations.

In evaluating these factors, Rodin asserts that "The most important, judging from everything, is the presence of
favorable habitat conditions for the post-larval stages". As detailed in Section 5.1.1, increased survival of young
crab to recruitment will be necessary to maintain the red king crab population. Hence, a trawl closure area
designed to protect juvenile red king crab habitat may be a significant action managers can take to increase
recruitment of red king crab.

5.1.6 Potenti f a Nearshore Tr n Pacific Herrin

Trawl closure areas proposed under Alternatives 2, 3 and 4 would not be likely to provide substantial benefits
to herring recruitment. This conclusion is based on herring life history and trawl fishery interactions. Herring
spawn primarily in the intertidal areas, which are already closed to trawling under State regulations. No spawning
is known to occur outside State waters in the Togiak area (. Rowell, ADF&G, pers. comm.). The State water
trawl closure may provide some protection to herring spawn, which could be impacted by trawls. It has been
noted that "various towed gears in contact with the bottom may damage fish eggs attached to the seabed (e.g.,
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herring). Some spawning beds are closed to fishing during the spawning season.” (ICES 1992). Herring
spawning will not be impacted by any of the Alternatives.

On the other hand, a trawl closure area may reduce bycatch of herring. Herring tend to aggregate offshore prior
to spawning, and are thus subject to incidental catch by trawl fisheries. Because herring are a prohibited species
under the FMP (meaning that they cannot be retained), all trawl caught berring is considered regulatory bycatch.
Bycatch of herring in trawl fisheries is limited to 1% of projected spawning biomass. In 1995, about 950 mt of
herring were taken as bycatch in BSAI trawl fisheries (NMFS bulletin board data). This was well below the 1%
cap which equaled 1,861 mt in 1995.

5.1.7  Potential Impacts of a Nearshore Trawl Closure on Pacific Halibut

The proposed nearshore trawl closure area encompasses a portion of the known distribution of juvenile halibut.
Closure of this area to trawling will reduce the bycatch mortality on juvenile halibut within the boundaries, and
thus provide maximum protection for juvenile halibut in nearshore areas. However, for that portion of the
resource outside the closed area, this alternative provides no protection and in fact may increase bycatch
mortality. This is because vessels may have to fish harder to catch their desired groundfish catches and in the
process may drag their nets longer or fish in areas where juvenile halibut are more abundant than average, or more
abundant than inside the closure area. The majority of juvenile halibut habitat is outside the boundaries of the
proposed closed area. Given that halibut bycatch is managed by bycatch limits, total halibut bycatch will be
constrained within the limit with or without the closure. However, the groundfish catch may be reduced if halibut
bycatch rates increase.

It is very difficult to make precise estimates of the effects of bycatch on commerciai-sized component of the
halibut stocks because bycatch is largely made up of younger migrating halibut. Growth, mortality, and migration
greatly complicate the estimation procedures. If the same age composition occurred in both fisheries one could
consider the bycatch removals as merely increasing the directed removals. Migration rates of juvenile halibut are
not well known, so the impact of bycatch of juvenile halibut from specific areas on adult populations in those or
other areas must be estimated indirectly.

Bycaught halibut are generally smaller than those harvested by the directed fishery. Consequently, factors such
as maturity, reproductive capacity, survivorship, and growth substantially affect stock productivity. By allowing
small halibut to remain at large for a longer period of time, a net gain in stock biomass occurs due to the greater
cumulative gain in individual weight relative to losses incurred due to mortality. Smaller fish are less likely to
be reproductively mature, and have less reproductive capacity. . Those harvested earlier in their life history not
only contribute less in terms of short term yield, but they also contribute less to the maintenance of future stock
biomass or to future yields. Bycatch losses affect recruitment, future catch, and future reproductive potential of
the stock.

The current approach for bycatch compensation is to reduce harvest in the directed fishery such that the
reproductive potential of the exploitable component of the stock would be the same after bycatch as it would have
been if bycatch had not occurred. The compensation factor was determined to be one pound of catch limit
reduction for each pound of bycatch mortality.

Impact on the directed halibut fishery consists of two parts: (1) the catch limit reduction to maintain
reproduction, and (2) reduced recruitment to the directed halibut fishery from bycatch of pre-recruits.

€)) Reproductive compensation for bycatch immediately deprives the directed fishery of one pound
of yield for each pound of bycatch the previous year. But this amounts to leaving fish in the
stock rather than catching them right away, and some are caught later. On the average, about
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0.6 pounds of the one pound bycatch compensation is eventually caught, so the net impact of
reproductive compensation is 0.4 pounds per pound of bycatch.

2) Bycatch eventually reduces recruitment to the directed fishery, and amounts to 1.2 pound of lost
yield for each pound of bycatch.

The combined effects of reproductive compensation and lost recruitment show a net loss to the directed fishery
of 1.6 pounds for each pound of bycatch: 0.4 pounds from reproduction compensation and 1.2 pounds from
reduced recruitment.

If the reproductive compensation is done correctly and if the bycatch is estimated correctly, the halibut spawning
stock size will remain in the same condition whether bycatch occurs or not. The directed halibut fishery pays for
maintenance of the resource through lower catches. Therefore, changes of + 50 percent in juvenile halibut
bycatch will be felt in the directed halibut fishery, but should not affect the condition of the resource (G. Williams,
IPHC, personal communication).

52

Listed and candidate species under the Endangered Species Act (ESA) that may be present in the GOA and BSAI
include:

Endangered
Northern right whale Balaena glacialis
Sei whale Balaenoptera boreali
Blue whale Balaen I
Fin whale Baleanoptera physalus
Humpback whale nov li
Sperm whale Physeter macrocephalus
Snake River sockeye salmon Oncorhynchus nerka
Snake R. fall chinook salmon Oncorhynchus tshawytscha
Short-tailed albatross Diomedea albatrus
Threatened
Steller sea lion Eumetopias jubatus
Snake River spring and
summer chinook salmon Oncorhynchus tshawytscha
Spectacled eider ia fischeri

The impact of BSAI and GOA groundfish fisheries on Steller sea lions was addressed in a formal consultation
on April 19, 1991. NMFS concluded that the BSAI groundfish fisheries were not likely to adversely affect listed
cetaceans or to jeopardize the continued existence or recovery of Steller sea lions. NMFS determined that section
7 consultation should be reinitiated for Steller sea lions if any proposed change in the BSAI fishery was likely
to adversely affect them, if new information regarding the effects of the fishery on Steller sea lions was obtained,
or if there was a change in the status of sea lions. Since April 1991, NMFS has reinitiated section 7 consultation
for several regulatory amendments and for the annual total allowable catch specifications.

Formal consultation conducted on effects of the GOA and BSAI groundfish fisheries concluded that the continued
operation of these fisheries would not adversely affect listed species of salmon as long as current observer
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coverage levels continued and salmon bycatch was monitored on a weekly basis. Consultation must be reinitiated
if chinook salmon bycatch exceeds 40,000 fish in either the BSAI or GOA or sockeye salmon bycatch exceeds
200 fish in the BSAI or 100 fish in the GOA. '

Endangered, threatened, proposed and candidate species of seabirds that may be found within the regions of the
GOA and BSAI where the groundfish fisheries operate, and potential impacts of the groundfish fisheries on these
species are discussed in the EA prepared for the TAC specifications. The U.S. Fish and Wildlife Service
(USFWS), in consultation on the 1995 specifications, concluded that groundfish operations will not jeopardize
the continued existence of the short-tailed albatross (letter, Rappoport to Pennoyer, February 7, 1995). This
action is not expected to affect threatened or endangered seabird species in any manner or extent not already
addressed under previous consultations.

None of the alternatives is expected to impact endangered, threatened, or candidate species of listed whales.
Steller sea lions using the Round Island haulout may benefit from reduced habitat disturbance under Management
Measure 3, Alternatives 2 and 3. However, one possible negative effect of Alternatives 2 and 3 (in conjunction
with other existing trawl closures) on Steller sea lions may be to concentrate trawling effort to other areas. If
trawl effort increased to the area immediately west of 162°W, near Cape Newenham, increased interaction with
fishing vessels and Steller sea lions could occur. The two haulout sites are not routinely surveyed during Steller
sea lion population censuses and may, like other haulouts, be most important during the non-breeding season (for
which there are few survey data).

5.3  Impacts on Marine Mammals

Marine mammals not listed under the Endangered Species Act that may be present in the GOA and BSAI include
cetaceans, [minke whale (Balaenoptera acutorostrata), killer whale (Qrcinus orca), Dall's porpoise (Phocoenoides
dalli), harbor porpoise (Phocoena phocoena), Pacific white-sided dolphin (Lagenorhynchus obliquidens), and the
beaked whales (e.g., Berardius bairdii and Mesoplodon spp.)] as well as pinnipeds [northern fur seals
(Callorhinys ursinus), and Pacific harbor seals (Phoca vitulina)] and the sea otter (Enhydra lutris).

A trawl closure could have local benefits for marine mammals not listed under the ESA, since fishery interactions
and habitat disturbance would be reduced within the closure area.

54 Zony men

Implementation of any of the alternatives would be conducted in a manner consistent, to the maximum extent
practicable, with the Alaska Coastal Management Program within the meaning of Section 30(c)(1) of the Coastal
Zone Management Act of 1972 and its implementing regulations.

5.5 ion, indi ignifi
None of the alternatives is likely to significantly affect the quality of the human environment, and the preparation

of an environmental impact statement for the proposed action is not required by Section 102(2)(C) of the National
Environmental Policy Act or its implementing regulations.

DATE
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6.0 REGULATORY IMPACT REVIEW: ECONOMIC AND SOCIOECONOMIC IMPACTS OF
THE ALTERNATIVES

This section provides information about the economic and socioeconomic impacts of the alternatives including
identification of the individuals or groups that may be affected by the action, the nature of these impacts,
quantification of the economic impacts if possible, and discussion of the trade offs between qualitative and
quantitative benefits and costs.

The requirements for all regulatory actions specified in E.O. 12866 are summarized in the following statement
from the order:

In deciding whether and how to regulate, agencies should assess all costs and benefits of
available regulatory alternatives, including the alternative of not regulating. Costs and benefits
shall be understood to include both quantifiable measures (to the fullest extent that these can
be usefully estimated) and qualitative measures of costs and benefits that are difficult to
quantify, but nevertheless essential to consider. Further, in choosing among alternative
regulatory approaches, agencies should select those approaches that maximize net benefits
(including potential economic, environment, public health and safety, and other advantages;
distributive impacts; and equity), unless a statute requires another regulatory approach.

This section also addresses the requirements of both E.O. 12866 and the Regulatory Flexibility Act to provide
adequate information to determine whether an action is "significant" under E.O. 12866 or will result in
“significant" impacts on small entities under the RFA.

E. O. 12866 requires that the Office of Management and Budget review proposed regulatory programs that are
considered to be "significant”. A "significant regulatory action" is one that is likely to:

(1) Have an annual effect on the economy of $100 million or more or adversely affect in a material way
the economy, a sector of the economy, productivity, competition, jobs, the environment, public health
or safety, or State, local, or tribal governments or communities;

(2) Create a serious inconsistency or otherwise interfere with an action taken or planned by another
agency;

(3) Materially alter the budgetary impact of entitlements, grants, user fees, or loan programs or the
rights and obligations of recipients thereof; or

(4) Raise novel legal or policy issues arising out of legal mandates, the President's priorities, or the
principles set forth in this Executive Order.

A regulatory program is "economically significant” if it is likely to result in the effects described above. The RIR
is designed to provide information to determine whether the proposed regulation is likely to be "economically
significant."

6.1

The most recent description of the groundfish fishery is contained in the Economic Status of the Groundfish
Fisheries Off Alaska, 1995 (Kinoshita et al. 1995). The report includes information on the catch and value of
the fisheries, the numbers and sizes of fishing vessels and processing plants, and other economic variables that
describe or affect the performance of the fisheries. Catch of groundfish in the Bering Sea has remained relatively
stable over the past 10 years, averaging about 1.8 million metric tons, consisting primarily of pollock (Figure
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6.1). About 2,000 vessels fish for groundfish in the BSAI and GOA each year. Preliminary data for 1995
indicate that in the BSAI area, 112 vessels fished with hook and line, 105 vessels fished with groundfish pot gear,
and 156 vessels fished with trawls. Catch in the domestic groundfish fisheries off Alaska totaled over 2 million
metric tons in 1994, worth $439 million in ex-vessel value. The value of resulting products was over $1.1 billion

(Table 6.1).

The economics of BSAI crab fisheries are summarized in ADF&G's Annual Area Management Reports (e.g.,
Morrison 1996). Tables 6.2-6.4 list economic data for the three major Bering Sea crab fisheries, 1975-1995.
Total value of these crab fisheries in recent years is about $180 million to $260 million per year. Most vessels
that participate in Tanner crab fisheries also participate in the Snow crab and Bristol Bay red king crab fisheries.
Since 1982, the snow crab fishery has generated much higher values than the other crab fisheries. Although snow
crab landings had dropped drastically since the peak in 1991 (325 million Ibs.), price increased such that average
gross ex-vessel value increased to over $710,000 per vessel in the 1995 snow crab fishery. In the Tanner crab
fishery, price did not keep up with reduced landings since 1992, and gross ex-vessel value was only $60,000 per
vesselin 1995. Assuming that all vessels in the snow crab fishery also fished for Tanner crab in 1995, vessels
averaged about $770,000 in ex-vessel value. The Bristol Bay red king crab fishery did not open in 1995. Ex-
vessel values had averaged about $175,000 per vessel per year in that fishery.

Gross revenues from crab fisheries are expected to be lower in 1996 than in previous years. The 1996 snow crab
fishery produced only about 50.7 million pounds. At an exvessel price of $1.25 per pound, this fishery generated
a total of approximately $63 million. This represents a 65% decline over the 1995 fishery gross revenues ($180
million). In addition, the 1996 fisheries for Bristol Bay red king crab and Bering Sea Tanner crab may occur at
very low levels, or may not even occur at all if stocks remain at low levels (K. Griffin, ADF&G, personal
communication). As a consequence of low stock sizes and low prices, the crab fleet is expected to experience
major changes in revenues in 1996.

6.2

6.2.1  Alternative 1: Status quo, no action. Amendment 37 would be submitted to the Secretary based on the
closure period adopted by the Council in September 1995. The Bristol Bay Red King Crab Savings Area
(162° to 164° W longitude, 56° to 57° N latitude) would be closed to non-pelagic trawling from January
1 through March 31. The area bounded by 56° to 56°10' N latitude would remain open during the years
in which a guideline harvest level for Bristol Bay red king crab is established.

As with the initial analysis (Amendment 37), the model runs predicted no substantial change in net benefits to
the nation due to the closure from a no-closure status. Under the initial runs with an annual closure, the net
benefits to the nations were estimated to increase from a no-closure status by 1.4% under Alternative Area 3 (the
preferred area alternative; known as the Red King Crab Savings Area) based on the 1993 data. The net benefits
to the nation were estimated to decrease from status quo by 2.3% under Alternative Area 3 using the 1994 data.

6.2.2 Altemative 2: Extend closure period for the Bristol Bay Red King Crab Savings Area to provide
increased protection for red king crab. Amendment 37 would be submitted to the Secretary based on one
of the closure period options considered.

The estimated net benefits to the nation under a three month closure increased by only approximately $10,000
over an anpual closure, and the six month closure caused a $4,000 decrease in net benefits to the nation. Given
the scale of revenues generated by BSAI fisheries, there is essentially no difference between these closure periods.
Similarly, model runs with the 1994 data estimated the seasonal closures under Alternative Area 3 (the Red King
Crab Savings Area) changed the net bepefits to the nation by a negligible amount of less than $1,000 from an
annual closure. There were no estimated differences in net benefits to the nation between a 3 month closure and
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a six month closure using the 1994 data which indicates no fishing activity in the area between March and July
in 1994.

6.2.3  Alternative 3: Close the area based on a modified version of the old pot sanctuary. Boundaries of the
closure would close all waters in the Bering Sea east of a line originating at Cape Constantine, extending
t0 58°10'N, 160°W to 57°10'N, 163°W to S6°30'N, 163°W to 56°30'N, 164°W, then south to 56°N.
After April 1, this closure would extend south to the Alaska Peninsula. This option would require 100%
observer coverage for fishing north of 58° and east of 162° and would be limited to May and June.
Further, the area between 163 ° and 164° between 56°30" and 57 °00' would not open until April 1 and
would be closed upon reaching a red king crab cap in a range of 5,000 to 15,000 red king crab. (Note
this alternative deals with both Bristol Bay Red King Crab Savings Area and nearshore Bristol Bay
Trawl Closure Area.)

Alternative 3 may provide benefits to the traw! fleet targeting yellowfin sole and rock sole. According to public
testimony, and previous analysis, the northwest corner of the red king crab savings area has been a productive
area for flatfish fishing. Additional opportunities for flatfish trawling will be provided by allowing the fleet to
follow yellowfin sole during their migration to the east towards Cape Constantine. Areas of 516 and 512 that
have been closed to trawling since 1987 would be open to allow fishing on yellowfin sole concentrations.
Fisheries would continue to be constrained by PSC caps within Zone 1, however, fishing on large aggregations
of flatfish may provide higher catches per unit of PSC. Increased catches of flatfish may be possible.

63  Potentiall f Modifying Crab Bycatch Limi

6.3.1  Alternative 1: Status quo, no action. PSC limits would remain at 200,000 red king crab and 1,000,000
Tanner crab in Zone 1, and 3,000,000 Tanner crab in Zone 2.

In general, crab PSC limits have not constrained most groundfish trawl fisheries. Rather, these fisheries close
either upon reaching the total allowable catch quota (TAC) or attainment of halibut PSC limits (Tables 6.5-6.8).
The one notable exception is the rock sole/other flatfish trawl fishery, which was limited in 1993 and 1994
despite relatively high levels of crab PSC apportioned to that fishery (Figures 6.2-6.5). For example, in 1994
Zone 1 was closed on February 28 due to attainment of red king crab PSC limit (110,000 crabs) and Zone 2
closed on May 7 due to the Tanner crab PSC limit (260,000 crabs). In 1995, the red king crab PSC was not
reached, in part due to emergency implementation of the red king crab savings area (NPFMC 1995). The
yellowfin sole fishery was closed out of Zone 1 due to Tanner crab bycatch on April 14, 1995.

A review of historic bycatch data suggests that the amount of red king crab and Tanner crab taken as bycatch is
not directly related to landings of flatfish. Figure 6.6 shows the landings of flatfish by foreign, joint venture, and
domestic fisheries and the number of crab taken as bycatch, 1978-1995. Bycatch data prior to implementation
of the domestic observer program in 1991 may be less precise than in following years and should be viewed with
caution. It is likely that many things have changed during the time series to affect catch and bycatch including,
changes in crab and fish stock sizes, changes in groundfish targets, the change from foreign to domestic fisheries,

as well as regulatory changes (sce Appendix 4).

Even under status quo, halibut and crab PSC limits may become more constraining to groundfish trawl fisheries
if pollock TAC's are reduced in the future. Total annual BSAI groundfish harvest is limited by an optimum yield
(OY) cap of two million metric tons. Pollock accounts for about 1.1 to 1.3 million mt of the total OY cap. The
rest is apportioned among other fisheries. This OY cap generally results in TAC allocations to higher valued
species and fisheries with lower halibut bycatch (such as the pollock fishery) than to flatfish fisheries (Witherell
1994). For example, in 1996, pollock TAC was set at the ABC level, whereas TACs for flatfish were 665,000
mt below ABC (Table 6.9). Hence, if pollock TAC is reduced in the future, fisheries will have higher TAC of
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flatfish to harvest. However, fisheries may be unable to harvest this additional flatfish TAC even under existing
PSC limits. Reduced PSC limits would make achieving a two million mt OY even more challenging.

In evaluating the status quo, or proposed reductions, it is informative to know what crab bycatch in groundfish
fisheries costs the directed crab fisheries. The answer to this question can be derived from the adult equivalent
exercise made in the previous section. If groundfish fisheries caught no crab incidentally, the crab fishery may

increase total ex-vessel revenues by about
$10.5 million. This represents an estimate of | Value of crab bycatch in groundfish fisheries to directed crab
opportunity costs. Assuming there are about fisheries, based on 1993-1995 average bycatch and price.
275 crab vessels, these crap would equate to Adult male Adult  Average Total
about $38,000 per vessel in gross ex-vessel Equivalents  weight price/lb value ($)
value. Potential costs of proposed alternative | Red king crab 33,231 6.5 3.80 820,800
crab PSC limits for trawl fisheries can be ;"anner crab ggg,ogg %g ?-gg ;;22888
: : now crab 1,958,1 . .

measn_Jred against potential benefits to crab Total $10.563.800
fisheries.
6.3.2 Alternative 2: Reduce PSC limits of red king crab and Tanner crab.

RED KING CRAB: PSC limits would be reduced to a fixed level at 180,000 red king crab based on a

three year average (1992-1994)

Option A: Further reduce the red king crab PSC limit in Zone 1 to 35,000 crab,
which was the number of red king crab bycaught in 1995 within Zone
L.

TANNER CRAB PSC limits would be reduced to a fixed level of 900,000 Tanner crab in Zone 1, and
within the range of 1,500,000 to 2,100,000 Tanner crab in Zone 2.

SNOW CRAB: Based on a three year average (1992-1994), a PSC limit would be established at a fixed
level of 11,000,000 snow crab in Zone 2. No snow crab PSC limit would be established for Zone 1, as
bycatch in this area has been minuscule by comparison.

Option A: Establish PSC limit at 6 million snow crab in Zone 2.

Recent data indicate that the current PSC limits for crab could be reduced from existing levels, yet not impact
groundfish fisheries if the available PSC is optimally allocated among target fisheries and seasons. On average,
bycatch taken each year has been less than the PSC limit. For example, bycatch of red king crab in Zone 1 was
187,067 crabs (average 1992-94, all gears). Bycatch of Tanner crab was 902,724 crabs in Zone 1 and 2,033,057
crabs in Zone 2 (average 1993-94, all gears). Hence, based on average bycatch needs, PSC limits could be
reduced by about 20,000 red king crab and 1,000,000 Tanner crab (Zones 1 and 2 combined). This is essentially
what is proposed by Alternative 2. Optimal allocation will be difficult to achieve because these apportionments
are made pre-season. However, the Council will be considering an FMP amendment in the future that would
allow individual vessel bycatch accountability, a tool that has potential to reduce bycatch and better allocate
available PSC.

Red king crab Alternative 2, Option A, would limit red king crab bycatch in Zone 1 to the 1995 level of 35,000
crab. The 1995 bycatch of red king crab in trawl fisheries was about the lowest ever recorded (tied with 1991
estimate). Reduced bycatch was a result of reduced stock size, implementation of trawl closure areas in Bristol
Bay and around the Pribilofs, as well as active avoidance of red king crab concentrations by the trawl fleet (J.
Gauvin, AFTA, personal communication). Because crab are mobile, an area closure cannot completely eliminate
bycatch. Therefore, if and when the Bristol Bay red king crab stock recovers, a PSC limit based on this
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alternative could potentially be very constraining to the trawl fleet and limit harvest of groundfish, particularly
rock sole.

Snow crab Altemative 2 would essentially limit snow crab bycatch in Zone 2 to levels taken in 1992-1994, but
would be in excess of what was taken in 1995. Bycatch of snow crab in BSAI groundfish fisheries totaled 17.7
million in 1992, 14.8 million in 1993, and 12.5 million in 1994, but was drastically reduced to only 5.4 million
in 1995. To some extent, reduced bycatch is a function of stock abundance. Option A (6 million snow crab)
reflects the 1995 bycatch needs. A Zone 2 PSC limit of snow crab would be seasonally apportioned among trawl
fisheries during the annual specification process. Based on previous bycatch use, most (about 60-70%) would
likely be apportioned to the yellowfin sole fishery.

As with all PSC limits proposed under this alternative, trawl fisheries may be negatively impacted if PSC limits
are not optimally allocated pre-season. In particular, the yellowfin sole fishery stands to be the most impacted
fishery. Recent implementation of trawl closure areas in Bristol Bay by emergency rule and around the Pribilof
Islands (Amendment 2 1a) have limited grounds available to this fishery. Further, the proposed trawl closure area
in Northern Bristol Bay may increase trawl effort for yellowfin sole in Zone 2, which may cause snow crab
bycatch in Zone 2 to increase. A limit proposed under snow crab Alternative 2, could result in reduced catch of
yellowfin sole.

The major assumption regarding assessment of impacts for Alternative 2 is that crab stock abundance will remain
relatively stable, or that the trawl fishery will adapt to changes in crab abundance. As crab stocks increase,
bycatch will further constrain trawl fisheries if fixed PSC limits are established. This may be expected for snow
crab PSC limits, in particular, as abundance of large snow crab is projected to increase in the near future. On the
other hand, if crab stocks continue to decline, bycatch will account for a higher proportion of the total annual
mortality.

6.3.3 Altemmative 3: Establish PSC limits for crab that fluctuate with crab abundance. This section also
applies to Alternative 4 for red king crab.

RED KING CRAB: Annual red king crab PSC limits would be set as a percentage of the total
population indexed by the NMFS bottom trawl survey. Limits would be established based on a rate
specified, within the range 0.1-1.0% of red king crab in the Bristol Bay District.

Alternative 3 Option A: Set a fixed upper limit for crab PSC at 200,000 red king crab in Zone
1. :

Alternative 4 (Preferred): Establish a stairstep based PSC limit for red king crab in Zone 1, based
on abundance of Bristol Bay red king crab as follows:

(A) When the number of mature female red king is equal to or below the threshold number
of 8.4 million crab, or the effective spawning biomass (ESB) is less than 14.5 million
pounds, the Zone 1 red king crab PSC limit would be 35,000 crabs;

(B) when the number of mature female red king crab is above threshold, and the ESB is
equal to or greater than 14.5 but less than 55 million pounds, the Zone 1 red king crab
PSC limit would be 100,000 crabs; and

(C) when the number of mature female red king crab is above threshold, and the ESB is
equal to or greater than 55 million pounds, the Zone 1 red king crab PSC limit would
be 200,000 crabs.
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TANNER CRAB: Annual Tanner crab PSC limits would be set as a percentage of the total population
indexed by the NMFS bottom trawl survey. Limits would be established based on a rate specified,
within the range 0.10-2.0% of Tanner crab in the Eastern District, as indexed by the survey.

Option A: Set a fixed upper limit for crab PSC at 1,000,000 Tanner crab in Zone
1, and 3,000,000 Tanner crab in Zone 2.

Option B: Establish PSC limits for Tanner crab based on abundance thresholds.
Limits would be set as a percentage of population when abundance is
less than 100 million crab. In years when Tanner crab abundance is
more than 100 million, but less than 250 million, PSC limits would be
established at 850,000 Tanner crab in Zone 1, and 1,500,000 in Zone
2. In years when Tanner crab abundance is more than 250 million, but
less than 500 million, PSC limits would be established at 900,000
Tanner crab in Zone 1, and 2,300,000 in Zone 2. In years when Tanner
crab abundance exceeds 500 million, PSC limits would be established
at 1,000,000 Tanner crab in Zone 1, and 3,000,000 in Zone 2.

SNOW CRAB: Annual snow crab PSC limits would be set as a percentage of the NMFS bottom trawl
survey index. Limits for Zone 2 would be set at a percentage within the range 0.005 to 0.25% of the
snow crab total population index (all districts combined). No snow crab PSC limit would be established
for Zone 1. ~

Option A: Set fixed upper limit for PSC at 12 million snow crab in Zone 2.

Alternative 3 specifies a PSC limit that varies with crab abundance. This is similar to the way PSC limits are set
for Pacific herring in BSAI trawl fisheries and crab in BSAI scallop fisheries. The measures are frameworked
such that they are established during the annual specification process. Herring PSC limits are set at 1% of the
projected adult herring biomass (Amendment 16a). For the BSAI scallop fishery, the Council adopted floating
crab PSC limits as part of the Amendment 1 package. Crab PSC limits for the scallop fishery will be set annually
as a percentage of the NMFS survey abundance for Tanner crab (0.13542%) and snow crab (0.003176%), but
a fixed limit for red king crab within the range of 500 to 3,000 crab. Amendment 1 has yet to be approved by
the Secretary.

A comparison of trawl fisheries crab bycatch with other bycatch levels provides insights into the appropriateness
of PSC rates from an allocation standpoint. It appears that current crab bycatch limits are somewhat lower than
the range of acceptable bycatch limits set for other species and fisheries. Current crab bycatch due to groundfish
fisheries amount to about 0.49 % of the adult red king crab stock and 1.19 % of the adult Tanner crab stock and
0.14 % of the adult snow crab stock. These numbers can be compared to rates for halibut and crab PSC limits.
For BSAI halibut PSC, bycatch mortality is limited to 4,675 mt (3,775 mt trawl, 900 mt non-trawl), or 6.6 %
of total exploitable halibut biomass (1995). For BSAI herring PSC, bycatch is limited to 1% of projected adult
biomass. For salmon, BSI trawl bycatch levels that trigger area closures represent about 15 % of BSAI chinook
adult chinook harvest, and 1.1% of the BSAI adult chum harvest (1995). For marine mammals, the level of
human caused mortality is termed Potential Biological Removals, or PBRs, defined by the Marine Mammal
Protection Act. For example, for western US Steller Sea Lions (a threatened species), the PBR is 766 animals
from a population estimate of 42,536. This equates to a removal rate of 1.8%, below which the species will
become a non-strategic stock.

Snow crab Option A sets fixed upper limits for snow crab PSC to levels of recent bycatch. All impacts discussed
for Alternative 2 apply when crab bycatch is limited at high crab abundance. Below the upper limits, bycatch
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is reduced based on biomass, and impacts discussed under Alternative 3 apply at low stock sizes. It should be
remembered, however, that the abundance of Bering Sea snow crab is currently relatively high.

Impacts of Alternative 3 to the trawl fishery depend on the percentage or rate chosen. A PSC limit established
based on a higher percentage of crab abundance will cause the least negative impacts to trawl fisheries.
Alternatively, a lower rate that equates to smaller PSC limits than set under the status quo may result in negative
impacts to the trawl fleet (via increased costs, shorter seasons, less fish harvested, etc.). Tables 6.10-6.12
illustrate PSC limits within the range proposed under Alternative 3 for red king crab in Zone 1 and Tanner crab
in Zone 1 and Zone 2. Note that in these tables, the Tanner crab PSC limits generated by this Alternative assume
a 25:75 split among Zones 1 and 2. A 25:75 apportionment approximates recent distribution of the Eastern
Bering Sea Tanner crab stock ( Table 6.13). It should be noted from this table, however, that 52.4% of the adult
males and 41.3% of the adult females are found in Zone 1. PSC limits for snow crab within the range proposed
under Alternative 3 are listed in Table 6.14.

Another possible way to base PSC caps on abundance of the size of crab taken as bycatch in traw! fisheries,
rather than based on the total survey index of all size groups. A shortcoming of Alternative 3 is due to the fact
that minor changes in survey station or crab distribution can create major changes in the survey population
estimate. This is because the population index is dominated by small animals (true for all 3 species) and survey
estimates of small crab and their distribution are highly variable from year to year. Alternative 3 creates problems
because annual PSC limits could be set disproportional to the abundance of the size of crab taken in trawl
fisheries (which consists primarily of large crab). Of concern is the potential for a high PSC limit generated by
large numbers of juveniles. A similar concern occurs at the opposite extreme where an artificially low PSC limit
could needlessly constrain trawl fisheries. In reviewing the draft EA/RIR, the Council's Crab Rebuilding
Committee concluded that Alternative 3 would have less problems if PSC limits were based on the survey
abundance of large crab, but noted that there would still be annual variability. At its April 1996 meeting, the
Council's Scientific and Statistical Committee recommended that this approach be considered, but as a separate
amendment. The following is an excerpt from their minutes:

"In examining the alternatives for PSC limits that fluctuate with abundance (Measure 2:
Alternative 3), the SSC discussed the recommendation made by the Crab Rebuilding
Committee that a different "currency” be used in establishing caps (e.g., the use of a cap in
terms of "large" crab rather than total number of crab may be more stable over time than the
total number of crab due to recruitment fluctuation). The SSC believes that a change to a
new "currency” system should be done carefully with requisite analyses, because the effects
of using different measures may be complicated (nonlinear, highly variable). If the Council
wishes to move in this direction, the SSC suggests it be done as a separate amendment to
avoid confusion."

Due to time limitations, a comprehensive
analysis of PSC limits based on abundance of
large crab was not undertaken for this

Red king crab bycatch as a percentage of large males and females
combined, 1992-1995.

amendment package. If the Council's preferred Bycatch ~ Adults  Bycatch Bycatch %
option is Alternative 3, then a follow up | Year (millions) (millions) Rate(%)  (agged1yr)
amendment analysis to moshfy the index may be 1992 0.17 20.0 0.85 1.25
prepared. Such an analysis would examine the 1993 0.25 175 1.43 1.60
effects of using a different "currency" for | 1994 0.28 13.4 2.09 0.37
establishing the PSC limits, rather than based | 1995 0.05 13.8 0.36 -
on total population index. For example, PSC

limits of red king crab could be based on the | Average 019 162 118 1.08
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combined abundance of large males (>134 mm) and mature females (>89 mm) from the LBA estimates of Bristol
Bay red king crab stock. The adjacent table shows the relationship of the bycatch and abundance of large crab
for 1992-1995. Because bycatch occurs prior to the survey, and PSC limits would be set in the year prior to the
fishery, data are lagged one year. Based on this information, bycatch has accounted for 0.37 to 1.60% of the adult
red king crab stock, averaging 1.1%. Hence, PSC limits could be set as a similar percentage. Additional analysis
is required to determine appropriate "currency", and potential biological impacts if one portion of the index (say
for example, females) declines in abundance relative to the other portion.

Examination of recent bycatch as a percent of the total NMFS population index (all sizes of crab) provides some
guidance on bycatch needs of the groundfish fisheries. Table 6.15 lists annual crab bycatch, 1992 through 1995,
as a percentage of the total index for each applicable bycatch limitation zone. Bycatch of Zone 1 red king crab
has ranged from 0.09% to 0.72% of the survey index. Bycatch of Tanner crab has ranged from 0.26% to 0.49%
in Zone 1 and 0.62% t0 0.91% in Zone 2. Snow crab bycatch in Zone

2 has ranged from 0.05% to 0.15% of the survey index. Average f;;;_ fgsg(;’r::;s :ﬁiﬁ;:;jﬁi:ﬁ:?h’
bycatch rates, 1992-1995, based on survey percentages are shown in | index of all sizes.

the adjacent table. If PSC limits were established at these rates,
impacts would depend on the speed and magnitude of changes in crab

(Z&ne l[ (ZQne Z[

Red king crab 0.40% -
stock abundance. Tanner crab 0.39% 0.79%
Snow crab - 0.10%

The threshold limits proposed under Tanner crab Alternative 3,
Option B were developed from historical bycatch data, and therefore may not substantially impact fisheries if
PSC can be optimally allocated among trawl fisheries. The lower threshold "steps" were based on average levels
of bycatch observed when Tanner crab abundance was at that level. For Step 1 (100-250 million crab), the
proposed PSC limit (850,000 Tanner crab in Zone 1, and 1,500,000 in Zone 2) would be established at
approximately the average bycatch observed for 1994 and 1995, which was 835,000 Tanner crab in Zone 1, and
1,515,000 in Zone 2. Average abundance in 1994/1995 was 191 million crab of all sizes. Abundance of Tanner
crab was also in this range in 1986. For Step 2 (250-500 million crab), the proposed PSC limit (900,000 Tanner
crab in Zooe 1, and 2,300,000 in Zone 2) would be established at levels intermediate between Steps 1 and 3.
These levels for Step 2 are slightly lower levels than the average bycatch observed for 1992 and 1993. Average
abundance of Tanner crab in 1992/1993 was 347 million crabs of all sizes. Tanner crab abundance at this step
was also observed in 1978, 1979, 1982, 1983, 1984, and 1987. For Step 3 (years when Tanner crab abundance
exceeds 500 million), PSC limits would be established at 1,000,000 Tanner crab in Zone 1, and 3,000,000 in
Zone 2. Tanner crab abundance at this step was occurred in 1976, 1977, 1980, 1981, 1988, 1989, 1990, and
1991. The current PSC limits were adopted by the Council in 1989 based on an estimated abundance of Tanner
crabs in 1988. In 1988, it was estimated there were 176.1 million Tanner crabs in Zone 1 and 412.8 million
Tanner crabs in Zone 2 (NPFMC 1989). Abundance has fallen below 100 million animals only once in the time-
series (1985, 84.7 million). Based on past bycatch performance, and historic Tanner crab abundance, impacts
on trawl fisheries under this option may be only somewhat constraining to trawl fisheries as long as PSC limits
can be efficiently allocated among various trawl fisheries. The potential benefit of threshold limits is that while
it allows bycatch levels to fluctuate with crab abundance, it would temper year-to-year variability in PSC limits
caused by trawl survey abundance estimates. Some stability may also be beneficial to long-term financial
planning for trawl companies.

fisherv simulati ] results for van I

The Bering Sea fishery simulation model was employed to estimate the economic impacts of reducing crab caps
in the Bering Sea. A general discussion of the model follows in the next section, and a detailed discussion can
be found in Amendments 21a and 21b, as well as in the Bristol Bay Red King crab Savings Area analysis
(NPFMC 1995) and Appendix 8. Detailed output from the model was not provided for this section in order to
conserve space, and because the output is similar to other model runs in this amendment.
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The Bering Sea fishery simulation model was modified to include the bycatch of Chionoecetes opilio crab and
assign caps for this species. The value data for C. bairdi, C. opilio and red king crab were updated for this
analysis as well. The model was run with the most constraining options in place to examine the greatest expected
changes from Status Quo. Model runs using both the 1993 and 1994 data sets included the following options:
(1) Status Quo which included a three month closure of the Red King Crab Savings Area; (2) a Zone 1 cap for
bairdi crab of 850,000 and a Zone 2 bairdi crab cap of 1.5 million crab; (3) a Zone 1 cap of 35,000 red king crab;
(4) aZone 2 cap of 11 million opilio crab; (5) a run with all of the above caps in place (850,000 Zone 1 bairdi,
1.5 million Zone 2 bairdi, 11 million Zone 2 opilio, and 35,000 Zone 1 red king crab) as well as the closure of
the Red King Crab Savings Area; (6) a run with all of the above caps, the Red King Crab Savings Area closure,
and the Northem Bristol Bay closure; and (7) the caps and closures as above in (6) with the additional constraint
of a 6 million opilio crab cap in Zone 2.

The model runs which examined the impacts of various area alternatives for the Red King Crab Savings Area
were presented in NPFMC 1995. The impacts of the Northern Bristol Bay Closure were estimated by model runs
and presented in sections 4.0 and 6.0 of this document. The results of the cap analysis runs presented here can
be compared with the previous runs with the caution that splitting Tanner crab into bairdi and opilio separately
may have changed the bycatch rates of areas, and that the crab values have been updated.

Opilio crab has not previously been constrained by a cap. To assign portions of the cap to individual fisheries,
the bycatch of opilio crab in each of the directed fishing groups was averaged over three years, and that average
was used to assign a portion of the 11 million crab cap to each group (Table 6.16). The Zone 2 caps used for
the opilio crab option were as follows: 2,313,651 opilio crab to the flatfish/rock sole group (21%); 1,413,464
to the “other” group which includes bottom trawl for pollock (13%); 136,904 to the Pacific cod target (1%);
and 7,135,981 to the yellowfin sole fishery (65%).

The valuation of bycaught crab was modified somewhat, to take into account the average size of bycaught crab
in each species, and the size at which the crab are available to the directed crab fishery for harvest. The steps for
estimating gross values of bycaught crab are provided in Table 6.17. Red king crab are, on average, about legal
size (135 mm cl) when bycaught in trawls, and were therefore not discounted by natural mortality. Bairdi crab
were estimated to be one year away from legal size (140 mm cw), and opilio crab were estimated to be 3 years
away from marketable size (102 mm cw). The average harvest weight of the crab species at legal size were
estimated to be 2.5 Ibs, 1 Ib, and 5 Ibs for bairdi, opilio and red king crab, respectively. Product recovery rates
were estimated to be 65% for bairdi, 61% for opilio crab, and 100% for red king crab, and the prices per pound
were estimated to be $7.00, $3.50, and $6.00 for each of the species, respectively. The estimated per crab gross
values to the directed crab fisheries were $6.83 for bairdi crab, $.72 for opilio, and $24.00 for red king crab. Net
values were estimated by the same ratio of net value to gross value used in previous model runs.

The bycatch of the crab species in 1993 and 1994, largely because of existing caps, were not generally in excess
of the most restrictive options used in the model runs, and often were below the more restrictive caps. For
instance, under Status Quo in the 1993 data, 7.5 million opilio crab were estimated to be bycaught in Zone 2 in
the absence of a cap, and in 1994 approximately 10 million opilio crab were estimated to be bycaught in Zone
2. The cap used for opilio crab was 11 million, so that only specific fisheries might be affected by the opilio cap,
since the overall cap of 11 million exceeded the bycatch from all fisheries in each year. Thus the model does not
capture the impacts of years in which the bycatch rates for any of the species might be higher. Similarly, the
impacts of a cap might be less than the model predicts if crab were caught at a higher rate in 1993 or 1994 than
would happen in future fisheries, as was the case in 1994. The bycatch of red king crab predicted by the model
from 1994 data was approximately 90,000 red king crab with the 3 month Red King Crab Savings Area closure
in place, while in 1995 the actual number bycaught was approximately at the most restrictive cap of 35,000 crab.

The constraints on the fishing fleet by the more restrictive crab caps resulted in changes in net benefits to the
Nation from Status Quo of less than approximately $500,000 under the 1993 data set (Table 6.18). This is
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because the bycatch of each crab species available to the model was similar to the caps in that year. The model
runs based on the 1994 data estimated decrements to the net benefits to the Nation of from approximately $1
million to $4.8 million. The reduction of the red king crab cap to 35,000 resulted in the greatest change from
Status Quo under both the 1993 and 1994 data.

Model runs to estimate the impacts of all three management measures in place concurrently were also made using
the 1993 and 1994 data. These runs simulated a closure of the Red King Crab Savings Area for the first three
months of the year, a closure of the Northen Bristol Bay area, and caps of 850,000 bairdi crab in Zone 1, 1.5
million bairdi crab in Zone 2, 11 million opilio crab in Zone 2, and 35,000 red king crab in Zone 1 (indicated as
RKC, Caps, N.B.B. in Table 6.18). With these constraints in place, the estimated net benefits to the Nation
decreased by approximately $1.4 million using the 1993 data set and by approximately $3.9 million using the
1994 data set.

Reducing the opilio cap to 6 million crab in addition to all of the proposed closures and caps above reduced the
estimated net benefits to the action from status quo by approximately $1.4 million using the 1993 data and by
approximately $11.1 million using the 1994 data. The reason there was no change from all proposed closures
and caps in place using the 1993 data and decreasing the opilio cap by 5 million crab was that the bairdi caps
closed the Zone 2 fisheries which would have been impacted by the reduced caps. Using the 1994 data, it was
the opilio cap rather than the bairdi cap which was more constraining. The overall bycatch of opilio crab was not
greatly reduced in 1993 from status quo because the bairdi crab closure caused fishing to occur outside of Zone
2 where opilio crab bycatch is still substantial.

6.4 P i s of Implementi Nearshore Trawl Cl in Bristol

A brief summary of the Bering Sea fishery simulation model is provided below. This model was used to examine
the impacts of implementing a nearshore trawl closure in Bristol Bay. A more detailed explanation is provided

in Appendix 8.

The Bering Sea fishery simulation model was developed as a quantitative means of estimating the impacts of
management actions contemplated by the Council. The model uses the most recent information available and
attempts to estimate the changes in catch and bycatch which occur by "stepping through" the data in an iterative
process - comparing the catch or bycatch "to date” with TAC and PSC restrictions. However, the actual fisheries
are not static but change with weather, fish biomass, market conditions, management actions, and individual
expectations among a host of factors. The Bering Sea fishery simulation model utilizes data which, to some
extent, reflect the dynamics of the particular year in which they were collected, in this case 1993 and 1994. The
regimes anticipated to be in place in the near future are then applied to those data. The results of the model reflect
a static state, and are somewhat useful in providing an answer to "what if?". The model cannot currently capture
more of reality than is inherent in the data and in prescribed management actions. The model is unable to
anticipate any other changes, and results of the model, when compared with the actual fishing year it was meant
to predict, also contain the inaccuracies which occur when actual situations differ from what had occurred when
the data was collected.

Background

Amendments to Fishery Management Plans (FMPs) require an estimation of the net benefits to the Nation which
might occur due to the alternatives being considered. Thus, as a section of Environmental Assessment/Regulatory
Impact Review (EA/RIR) documents for amendments to the FMP for the Groundfish Fishery of the Bering Sea
and Aleutian Islands, an examination of the economic impacts from alternatives to the stafus quo must be
included. A fishery simulation model developed by Smith (1989) and Funk (1990) has been used to analyze the
impacts of several amendments involving area closures and catch or bycatch allocations. This Bering Sea fishery
simulation model estimates the changes in catch and bycatch resulting from alternative management actions, and
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assigns values to the catch (positive benefits) and bycatch (negative benefits) to arrive at an estimate of the total
net benefit to the Nation.

Funk (1990) converted the original spreadsheet model into a SAS program to estimate benefits or costs resulting
from proposed trawl closures to protect herring. This program was later modified and used by the Alaska
Department of Fish and Game to make quantitative estimates of the likely consequences of alternatives for
chinook salmon bycatch in Amendment 21b (Anon. 1994). The Bering Sea fishery simulation model, as
modified, was also used to analyze options in the Pribilof Islands trawl closure Amendment 21a (NPFMC 1994),
to examine impacts of halibut bycatch allocations, and to estimate Inshore/Offshore allocation impacts. The
model was further modified for the analysis of the Red King Crab Savings Area in 1995.

All of the data, assumptions and caveats are as described in the previous analysis (NPFMC 1995), with the
exception that updated 1993 and 1994 datasets containing some revised product values were received from
NMEFS and used in this analysis. This may cause slight variations from the model runs presented in the previous
analysis (NPFMC 1995). That analysis should be consulted for a more detailed explanation of the model and
the data used in this analysis.

Results of the model

The economic impacts of the closure alternatives are estimated in terms of the foregone gross wholesale value
and foregone wholesale value net of variable costs® in both the groundfish fisheries and the directed fisheries for
bycatch species. Estimated net benefits from the various alternatives, including the status quo, are calculated by
the difference between the estimated net wholesale value of the groundfish fisheries and the estimated foregone
net wholesale value of the bycatch species. The difference between the estimated net benefits under status quo
and under the two closure alternatives is used as a measure of the potential change in net benefits as a result of
the alternatives. Data were available from 1993 and 1994. Because the data from each year incorporate
management and fisheries decisions specific to each year, the model runs are discussed separately below. Output
from the various model runs from both years is available in Appendix 11.

1993 data-based runs

The base-line runs of the model represent Alternative 1, status quo, with no northern Bristol Bay closure, and
with a 3-month red king crab closure in place (as adopted by the NPFMC in September, 1995). As can be seen
in Table 6.19, status quo based on 1993 data resulted in a total catch of 1,809,778 mt of groundfish from all
fisheries with 1,552,688 mt retained. The estimated total gross value from the retained catch was $847 million
and the total net value was $315 million (See economic assumptions in the previous analysis (NPFMC 1995).
Subtracting the total gross value of the bycaught species, $24 million, from the gross value of the groundfish
catch resulted in an estimated gross value of the difference of $823 million. The total estimated net benefit to
the Nation resulting when the total net value of the groundfish catch is reduced by the total net value of the
bycatch species ($12 million) was $303 million.

The model simulated the prosecution of the fisheries under the baseline run of 1993 data which included the 3-
month closure of the Red King Crab Savings Area. This baseline run was virtually identical to the run with the
Red King Crab Savings Area (Alternative 3) in the previous analysis (NPFMC 1995), with the exception that
the values differed somewhat due to updates of product value information. Otherwise, catch and bycatch amounts
and timing of closures were the same.

“In the remainder of this section, the term "net wholesale value" refers to the estimated gross wholesale value
net of variable costs only.
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Under Alternative 2 (the closure of Bristol Bay east of 162° W. longitude and north of 58° N. latitude), the total
predicted catch of groundfish was 1,802,256 mt with 1,547,898 mt of retained catch. The total gross and net
values of the retained catch were $844 million and $314 million, respectively. The estimated gross and net values
of retained catch minus the gross and net values of bycatch species were $820 million and $302 million,
respectively. The bycatch model predicted that the net benefits to the nation would decrease by approximately
$1.1 million under status quo ($303 million minus $302 million). The factors which contributed to this decrease
in net benefits under Alternative 2 were a reduction in total retained catch (4,790 mt) and an increase in the
bycatch of Tanner crab (31,317 crab). Herring bycatch was predicted to be reduced by 115 mt.

The times and causes of predicted closures were similar between Alternative 2 and the status quo with the
exception that the yellowfin sole fishery was closed one week earlier due to halibut bycatch in week 24 rather than
week 25,

Alternative 3 (the additional closure of Area 508) resulted in no change in total groundfish catch over Alternative
2, and a small increase in retained catch over Alternative 2 (1,547,961 mt vs. 1,547,898 under Alternative 2).
The total gross value and total net value of the retained groundfish catch thus increased somewhat under
Alternative 3 when compared with Alternative 2 to $843.7 million gross value and $314.1 million net value. The
slight increase in the net value of groundfish catch under Alternative 3 coupled with the slight increase in the net
value of the bycatch, due to increased Tanner crab bycatches, resulted in the total net benefits to the nation of
$302 million which was approximately the same as under Alternative 2.

Between the two alternatives, king crab bycatch was reduced somewhat under Alternative 3, and Tanner crab
and halibut bycatch increased somewhat under this alternative. Compared with status quo, Tanner crab bycatch
increased under both alternatives, and the bycatches of halibut, red king crab, and herring were reduced.

1994 data-based runs

As can be seen in Table 6.19, status quo based on 1994 data resulted in a total catch of 1,803,803 mt of
groundfish from all fisheries with 1,536,805 mt retained. The estimated total gross value from the retained catch
was $828 million and the total net value was $305 million (See economic assumptions in the previous analysis
(NPFMC 1995)). Subtracting the total gross value of the bycaught species, $30 million, from that of the
groundfish catch, resulted in an estimated gross value of the difference of $798 million. The total estimated net
benefit to the Nation resulting when the total net value of the groundfish catch is reduced by the total net value
of the bycatch species ($15 million) was $290 million.

As with the 1993 data, the model simulated the prosecution of the fisheries under the baseline run of 1994 data
which included the 3-month closure of the Red King Crab Savings Area. This baseline run was virtually identical
to the run with the Red King Crab Savings Area (Alternative 3) in the previous analysis (NPFMC 1995), with
the exception that the values differed somewhat due to updates of product value information. Otherwise, catch
and bycatch amounts were the same. Because of slight variations in bycatch amounts, the yellowfin sole fishery
was not closed to second quarter halibut in week 28 as had occurred in the Red King Crab Savings Area closure
(Alternative 3 in the previous analysis (NPFMC 1995), a comparable base run).

Under Alternative 2 (the closure of Bristol Bay east of 162° W. longitude and north of 58° N. latitude), the total
predicted catch of groundfish was 1,797,306 mt with 1,531,428 mt of retained catch. The total gross and net
values of the retained catch were $824 million and $304 million, respectively. The estimated gross and net values
of retained catch minus the gross and net values of bycatch species were $794 million and $289 million,
respectively. The bycatch model predicted that the net benefits to the nation would decrease by approximately
$1.3 million under status quo ($290 million minus $289 million). The principal factors which contributed to this
decrease in net benefits under Alternative 2 were a decrease in retained catch of 5,377 mt, an increase in Tanner
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crab bycatch of 29,271 crab, and the earlier attainment of halibut PSC in week 26 by the yellowfin sole fishery.
Herring bycatch was reduced by 24 mt.

Alternative 3 (the additional closure of Area 508) resulted in no change in total groundfish catch, retained catch,
net value or gross value of groundfish over Altemative 2. The net value of the bycatch, however, did decrease
somewhat under Alternative 3 due to slightly increased Tanner crab bycatch. The total net benefits to the nation,
$289 million, were approximately the same as under Alternative 2.

Summary of Alternatives

Estimates based on the Bering Sea fishery simulation model indicate that adoption of any of the Alternatives
would lead to a slight decrease in the net benefits to the Nation over status quo based on both the 1993 and 1994
data. The approximately $1.1 million decrease in net benefits (1993 data) and $1.3 million decrease in net
benefits (1994 data) result in approximately a 0.4% and a 0.5% decrease of the net benefits to the Nation under
status quo from 1993 and 1994 data, respectively. Given the accuracy inherent in the data, and in the model
procedures, these predicted changes in net benefits to the nation are probably not great enough to indicate an
actual change from status quo. As with any closure, the tradeoff's between foregone groundfish catch, and
savings in bycatch species are apparent in the model results. A closure of northern Bristol Bay would result in
a slight decrease in retained catch and herring bycatch and an increase in Tanner crab bycatch. The minimal
directed fishing activity in Area 508 during 1993 and 1994 resulted in minute changes in the model results due
to the closure of this area.

6.5

Implementation of the three management measures may have cumulative effects on groundfish trawl fisheries.
As noted by the Scientific and Statistical Committee, time-area closures cause area shifts in groundfish fishery
effort. With each additional bycatch restriction, options for the groundfish trawl fleets are reduced and these
effort shift could increase the bycatch of other prohibited species. To some extent, this situation occurred in the
rock sole trawl fishery as a result of implementing the Bristol Bay Red King Crab Savings Area (Management
Measure 1) by inseason action in 1995 and 1996. The 1996 directed rock sole fishery was apparently closed
early due to increased halibut bycatch per metric ton of groundfish. Bycatch rates for Tanner crab also increased

(note that about the same

amount of Tanner crab | Catch and bycatch in the rock sole trawl fishery through the first PSC closure, 1993-1995.

bycatch was taken, and .

] k sole was cau ht) Reason Harvest Zone 1 Zonfe 1 hahb_ut

€8S 10C S L Date for - (mt)of Tanner red king mortality

but bycatch of red king | year Closed closure ck sole crab crab (mt)

crab was much reduced

due to the closure. These | 1993 Feb16  RKC,Zonel 33,000 420,000 181,000 667
. 1994 Feb 28 RKC, Zone 1 37,000 259,000 154,000 281

types of tradeoffs will f (o000, Halibut 32,000 320,000 19,000 428

occur with any area closure | 1996  Feb26 Halibut 19,000 290,000 9,000 436

alternative considered.

The impacts of trawl closure areas on the trawl fleet may be further exacerbated by reduced crab PSC limits. As
discussed in the previous paragraph, implementation of the Red King Crab Savings Area may cause higher
bycatch rates for Tanner crab in the rock sole fishery. Hence, to maintain the rock sole fishery in Zone 1 at
current harvest levels, a relatively high proportion of Tanner crab PSC (requiring ~300,000 crab) could be
allocated to the early season rock sole fishery. An additional trawl closure area proposed under Management
Measure 3 (nearshore Bristol Bay) may similarly shift effort of the yellowfin sole trawl fishery into Zones 1 and
2, which may have higher bycatch rates of Tanner crab and halibut. Hence, the yellowfin sole fishery may require
increased allocation of Tanner crabs and halibut to maintain harvest levels. Allocations of crab PSC among trawl
fisheries will become much more contentious, even at current halibut and crab PSC limits. With reduced crab
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PSC limits, all trawl fisheries could be affected, as fisheries may be shut out of better fishing areas sooner.
Hlatfish fisheries may be "forced" to shift effort into Area 514 (west of 162° W. longitude), which typically has
moderately high bycatch rates of halibut (Narita et al. 1994). Because attainment of the halibut cap shuts down
fishing in the entire Bering Sea for the affected fishery, the combination of closure areas and reduced PSC limits
may have significant negative effects on certain trawl fisheries, particularly those targeting flatfish.

6.6 Administrative, Enforcement and Information Costs

No additional costs for administration, enforcement, or information requirements are expected under any of the
alternatives for the three management measures considered. It should be noted that NMFS enforcement and U.S.
Coast Guard have generally favored closure areas that affect all trawling rather than just non-pelagic trawling.

7.0 INITIAL REGULATORY FLEXIBILITY ANALYSIS

The objective of the Regulatory Flexibility Act is to require consideration of the capacity of those affected by
regulations to bear the direct and indirect costs of regulation. If an action will have a significant impact on a
substantial number of small entities an Initial Regulatory Flexibility Analysis (IRFA) must be prepared to identify
the need for the action, alternatives, potential costs and benefits of the action, the distribution of these impacts,
and a determination of net benefits.

NMFS has defined all fish-harvesting or hatchery businesses that are independently owned and operated, not
dominant in their field of operation, with annual receipts not in excess of $2,000,000 as small businesses. In
addition, seafood processors with 500 employees or fewer, wholesale industry members with 100 employees or
fewer, not-for-profit enterprises, and government jurisdictions with a population of 50,000 or less are considered
small entities. A "substantial number"” of small entities would generally be 20% of the total universe of small
entities affected by the regulation. A regulation would have a "significant impact" on these small entities if it
reduced annual gross revenues by more than 5 percent, increased total costs of production by more than 5 percent,
or resulted in compliance costs for small entities that are at least 10 percent higher than compliance costs as a
percent of sales for large entities.

If an action is determined to affect a substantial number of small entities, the analysis must include:

(1) adescription and estimate of the number of small entities and total number of entities in a particular
affected sector, and total number of small entities affected; and

(2) analysis of economic impact on small entities, including direct and indirect compliance costs, burden
of completing paperwork or recordkeeping requirements, effect on the competitive position of small
entities, effect on the small entity's cashflow and liquidity, and ability of small entities to remain in the
market.

7.1 Economic Impact on Small Entities

Most trawl vessels and processor participating in the BSAI groundfish fishery would be affected by the
management measures proposed under all alternatives to the Status quo for the three management measures under
consideration.

Most catcher vessels harvesting groundfish off Alaska meet the definition of a small entity under the RFA. In
1993, 132 trawl catcher vessels landed groundfish from the BSAI. Many of these vessels would be affected by
time/area closures considered under Management Measures 1 and 3, as well as by PSC limits considered under
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Management Measure 2. The economic impact on small entities that would result from some of the time/area
closures and PSC limits considered could result in a reduction in annual gross revenues by more than 5 percent
and could, therefore, potentially have a significant economic impact on a substantial number of small entities.
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Figure 3.10 Carapace length frequency of red king crab taken incidentally in trawl fisheries, by regulatory area,
1993 and 1995. Note that 1995 data are not complete, additional data are being compiled. Source:
NMEFS Observer Program.

Figure 3.11 Carapace width frequency of Eastern Bering Sea Tanner crab (C, bairdi) taken incidentally in trawl
fisheries, by regulatory area, 1994 and 1995. Note that 1995 data are not complete; additional data
are being compiled. Source: NMFS Observer Program.

Figure 3.12 Carapace width frequency of Tanner crab (C, bairdi) and snow crab (C, opilio) taken incidentally

in Bering Sea groundfish pot and longline fisheries, 1993-1995 data combined. Note that 1995 data
are not complete; additional data are being compiled. Source: NMFS Observer Program.

Figure 3.13 Carapace width frequency of Eastern Bering Sea snow crab (C opilio) taken incidentally in trawl
fisheries, by regulatory area, 1994 and 1995. Note that 1995 data are not complete; additional data
are being compiled. Source: NMFS Observer Program.

Figure 4.1 Maps showing closure areas proposed under Management Measure 3, Alternatives 2, 3, and 4.

Figure 4.2 Map showing area proposed to remain open under Management Measure 3, Altemnatives 2 and 3,
Option A. Shown are Option A (hatched) and Walrus protection areas (outlined).

Figure 4.3 Map showing location of the Bristol Bay Pot Sanctuary, which was a trawl closure area from 1959-
1984,

Figure 4.4 Map showing areas closed to trawling to protect prohibited species.

Figure 4.5 Map showing the distribution of Boltenia (sea onion) and bryozoans from the NMFS trawl surveys
1984-1988. Darker areas indicate higher concentrations within the 20 by 20 nautical mile blocks.

Figure 4.6 Map showing the distribution of Mytilidae (mussels) and sea urchins from the NMFS trawl surveys
1984-1988. Darker areas indicate higher concentrations within the 20 by 20 nautical mile blocks.

Figure 4.7 Distribution of bottom traw] effort for flatfish species, 1991. Source: Narita et al. 1994,
Figure 4.8 IPHC regulatory and closure areas for the halibut longline fishery in the Bering Sea, 1995.
Figure 49 Biomass of Togiak District herring, 1977-1994. Source: Funk 1994,

Figure 4.10 Year-class slrenéth of Togiak District herring, 1971-1988. Source: Funk 1994,

Figure 4.11 Map showing location of red king crab egg hatch and larval drift in the southeastern Bering Sea.
Source: Armstrong et al. 1993.

Figure 4.12 Map showing location of gravel substrate and distribution of early juvenile red king crab in the
southeastern Bering Sea. Source: Armstrong et al. 1993,

Figure 4.13 Map showing generalized distribution of age 0-2 red king crab (stippled areas) and gravel sediments
(open areas) in Bristol Bay. Source: Hood and Calder 1981, McMurray et al. 1984, Stevens et al.
1991.
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Figure 4.14 Map showing the abundance and distribution of red king crab in the 1994 NMFS bottom trawl
survey. '

Figure 4.15 Map showing the distribution and timing of Pacific herring spawning in the eastern Bering Sea.
Source: NPFMC 1981.

Figure 4.16 Estimated biomass and number of Pacific herring taken by the fishery, marine mammals, birds, and
groundfish in the eastern Bering Sea, 1985.

Figure 4.17 Abundance and size of Pacific halibut in the nearshore waters of Bristol Bay, as observed from
IPHC setline surveys. Source: Gilroy and Hoag 1993.

Figure 5.1 Annual estimates of red king crab recruitment and mortalities (natural, fishing, and bycatch).

Figure 5.2 Estimated net changes in red king crab abundance by adding recruitment to the (negative) estimated
mortalities.

Figure 5.3 Percentage of total catch and bycatch of red king crab, Tanner crab, halibut, and herring (mt) taken
in JV and domestic yellowfin sole, flatfish, other flatfish, and rock sole fisheries in the northern
Bristol Bay area.

Figure 5.4 Percentage of total catch and bycatch of red king crab, Tanner crab, halibut, and herring (mt) taken
in JV and domestic yellowfin sole, flatfish, other flatfish, and rock sole fisheries in Area 508.

Figure 5.5 Observed haul locations of the 1992 directed fisheries for yellowfin sole (grey), flatfish, other
flatfish and rock sole.

Figure 5.6 Observed haul locations of the 1993 directed fisheries for yellowfin sole (grey), flatfish, other
flatfish and rock sole.

Figure 5.7 Observed haul locations of the 1994 directed fisheries for yellowfin sole (grey), flatfish, other
flatfish and rock sole.

Figure 5.8 Observed haul locations of the 1992 directed fisheries for yellowfin sole (grey), flatfish, other
flatfish and rock sole with bycatch of red king crab greater than 50 animals.

Figure 5.9 Observed haul locations of the 1993 directed fisheries for yellowfin sole (grey), flatfish, other
flatfish and rock sole with bycatch of red king crab greater than 50 animals.

Figure 5.10 Observed haul locations of the 1994 directed fisheries for yellowfin sole (grey), flatfish, other
flatfish and rock sole with bycatch of red king crab greater than 50 animals.

Figure 5.11 Observed haul locations of the 1992 directed fisheries for yellowfin sole (grey), flatfish, other
flatfish and rock sole with bycatch of herring greater than 0.5 mt.

Figure 5.12 Observed haul locations of the 1993 directed fisheries for yellowfin sole (grey), flatfish, other
flatfish and rock sole with bycatch of herring greater than 0.5 mt.

Figure 5.13 Observed haul locations of the 1994 directed fisheries for yellowfin sole (grey), flatfish, other
flatfish and rock sole with bycatch of herring greater than 0.5 mt.
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Figure 6.1

Figure 6.2

Figure 6.3

Figure 6.4

Figure 6.5

Figure 6.6

Catch of groundfish in the Bering Sea, 1954-1995. Source: 1995 BSAI SAFE.

Red king crab PSC limits and actual bycatch by fishery in Zone 1, 1992-1995. Note: the 1995 data
as of August 18, 1995.

Tanner crab PSC limits and actual bycatch by fishery in Zone 1, 1992-1995. Note: the 1995 data
as of August 18, 1995.

Tanner crab PSC limits and actual bycatch by fishery in Zone 2, 1992-1995. Note: the 1995 data
as of August 18, 1995.

Crab PSC limits and actual bycatch by fishery in Zones 1 and 2, 1992-1995. Note: the 1995 data
as of August 18, 1995.

Catch of flatfish in the Bering Sea/Aleutian Islands region by foreign, joint-venture, and domestic
fisheries, and the number of crab taken as bycatch in all groundfish fisheries, 1978-1995.
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Figure 2.1 Map showing location of Bristol Bay Red King Crab Savings Area, and other crab protection zones.
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Figure 2.2 Map showing closure area proposed under Management Measure 1, Alternative 3.
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Figure 2.3 Distribution of red king crab of all sizes taken in the NMFS 1995 Eastern Bering Sea trawl survey.
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Figure 24 Percent of male and female king crab in hardshell and molting condition, based on NMFS
observations made during 1979, 1983, and 1985 surveys. Source: Bob Otto, NMFS-AFSC.
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Figure 2.5 Percent of male and female king crab in molting condition, by carapace length, based on NMFS
observations made during 1983 and 1985 surveys. Source: Bob Otto, NMFS-AFSC.
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Figure 2.6 Percent occurrence of female red king crab with eyed embryos/empty embryo cases in Bristol Bay
in June.
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Figure 2.7 ngeof cmch and bycatch of king crab, Tanner crab, and halibut taken in the Bristol Bay Red
King Crab Savings Area, 1986-1993.
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Management Measure 1, Alternative 3 in relation to

Figure 2.8 Map showing closure area proposed under
existing closure areas.
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Figure 3.1 Alternative prohibited species catch limits for Bristol Bay red king crab examined by this analysis.
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ering Sea Tanner crab (C, bairdi) examined

by this analysis.

Figure 3.2  Altemative prohibited species catch limits for Eastern B
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Figure 3.3 Alternative 3, Option B prohibited species catch limits for Eastern Bering Sea Tanner crab (C,

bairdi) examined by this analysis.
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Figure 3.4  Altemnative prohibited species catch limits for Eastern Bering Sea snow crab (C, opilio) examined

by this analysis.
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Figure 3.5 Prohibited species bycatch limitation zones in the Bering Sea.
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Prohibited Species Bycatch Limitation Zones

Rationale for Closure: To allow for control of red king crab and C. bairdi Tanner crab bycatch.
Origin: Implemented under Amendment 10 on March 16, 1987.

Description of Area: Areas close to directed fishing when crab bycatch caps are attained in specified
fisheries. Bycatch Limitation Zone 1 means that part of the Bering Sea Subarea that is south of 58°00'
N. latitude and east of 165°00' W. longitude. Bycatch Limitation Zone 2 means that part of the Bering
Sea Subarea bounded by straight lines connecting the following coordinates in the order listed:

North latitude West longitude
54° 30' 165° 00’
58° 00’ 165° 00
58° 00' 171° 00'
60° 00' 171° 00’
60° 00' 179° 20'
59° 25 179° 20
54° 30' 167° 00
54° 30 165° 00
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king crab, blue king crab, Tanner crab, and snow crab in the easten

Figure 3.6 Distribution of large male red
Bering Sea.
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Figure 3.7 Catch (pounds) of red king crab, Tanner crab, and snow crab in the eastern Bering Sea 1965-1995.
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Figure 3.8 Abundance (numbers) of red king crab, Tanner crab, and snow crab in the eastern Bering Sea as
indexed by NMFS trawl surveys 1970-1995.
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Figure 3.9  Statistical reporting and regulatory areas for groundfish fisheries of the Bering Sea and Aleutian
Islands.

Donut Hole

\

530 |
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Aleutian|Islands Gulf of Alaska | -
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Statistical Reporting and Regulatory Areas

Rationale for Closure: Statistical Areas allow for small scale management of the Bering Sea and Aleutian
Islands groundfish fisheries.

Origin: Part of original plan. Areas and numbenng have been modified several times, however.
Description of Area: Although generally used as reporting purposes, these areas can be closed to fishing

by regulations. In the Aleutian Islands area, the three statistical areas (541, 542, and 543) are defined for
the purpose of allocating TACs. Area 518 has been used to specify pollock TACs in the Bogoslof Area.
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Figure 3.10 Carapace length frequency of red king crab taken incidentally in trawl fisheries, by regulatory area,

1993 and 1995. Note that 1995 data are not complete; additional data are being compiled. Source:

NMEFS Observer Program.
Red King Crab Bycatch 1993 Red King Crab Bycatch 1993
Area 509 Area 513
O meies [ temsies [0 meies [ tomaies
20 1 7 A
s-
15 5
] ]
10
3—
5 b iﬂ |
1- |
0- 0 T T T T Il T H ﬂ n T
25 225 425 625 825 1025 1225 1425 1625 1625 25 225 425 625 825 1025 1225 M5 162.5 1825
Carapsce Length (mm) Carapace Length (mm)
Red King Crab Bycatch 1993 Red King Crab Bycatch 1893
Area 516 Area 521
[0 maiss [ fomaies [0 mees [ temaies
8 14 -
7— 12_

P

.
. ‘ !lﬂ,hlh. [

10
8-

é . l]llﬁll, |

o T T T T T o T L
25 225 425 625 825 1025 1225 1425 1625 1828 25 225 425 625 825 1025 1225 1425 162.5 1825
Carapace Length (mm) Carspace Length (mm)
Red King Crab Bycatch 1995 Red King Crab Bycatch 1995
Area 508 Area 516
[J maee [H tomaine [0 meee [ fomeien
3 7 -
25 6 —
e ]
15 - j;—
0.5 - 14 |
o 1 1 i 1 ] 1 N T t ¥ o 13 T L] ] T T I ll [
25 2285 425 825 825 1025 1225 1425 1625 1825 25 225 425 625 825 10285 122.5 142.5 1825 1825 2026

Carapace Length (mm)

Carapace Length (mm)

EA/RIR for BSAI Amendment 37 105

June 21, 1996




Figure 3.11 Carapace width frequency of Eastern Bering Sea Tanner crab (C, bairdi) taken incidentally in trawl

fisheries, by regulatory area, 1994 and 1995. Note that 1995 data are not complete; additional data
are being compiled. Source: NMFS Observer Program.

Bairdi Bycatch 1994 Bairdi Bycatch 1994
Area 508 Area 513
[J weee [ temaiee 0] meiss [ tomies
100 - a0 -
80 25 -
= I
18
“_
g 10 ~
20 5
o-h 0-
25 228 425 625 825 1026 1225 1425 1625 1825 25 225 425 €25 825 1025 1225 1425 1825 1825
Carapace Width (mm) Carapace Width (mm)
Bairdi Bycatch 1994 Bairdi Bycatch 1994
' Area 517 Area 521
[ meiee B tomates O meiee I tomains
35 1 70 -
30 60 -
25 50 -
320- E“-
§15- 30 -
=1o- 20
§ 10 -
0 -4 T T T T o e 0 -
25 225 425 625 825 1025 1228 1425 1625 1528 25 225 426 625 525 1025 1225 142.5 1625 1625
Carapace Width (mm) Carapace Width (mm)
Bairdi Bycatch 1895 Bairdi Bycatch 1895
Area 509 Area 513
[ meiee B fomaiee O maies I femaiss
120 4 16 ~
100 14 1
12 4
E”' Ew—
0 8-
gw- g" ,
20 4 e
0 ‘ 2 P LR
25 225 425 €25 825 1025 1225 1425 1025 1825 25 225 425 625 825 1025 1225 1425 1625 1825
Carapace Width (mm) Carapace Width (mm)
Bairdi Bycatch 1995 Bairdi Bycatch 1995
Area 517 Area 521
[0 mess [ tomaies [0 meies [ fomaies
25 20 -
20 7 1 -
. i
10
10 -
I .
OJ a - = 0~ 1J%.I'| T
25 225 4256 285 528 1025 1225 1425 1625 125 25 228 428 €25 825 1025 1225 1425 1025 125
Carapace Width (mm) Carapace Width (mm)

106 June 21, 1996

EA/RIR for BSAI Amendment 37




Figure 3.12 Carapace width frequency of Tanner crab (C, bairdi) and snow crab (C. opilio) taken incidentally
in Bering Sea groundfish pot and longline fisheries, 1993-1995 data combined. Note that 1995 data
are not complete; additional data are being compiled. Source: NMFS Observer Program.
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Figure 3.13 Carapace width frequency of Eastern Bering Sea snow crab (C opilio) taken incidentally in trawl

fisheries, by regulatory area, 1994 and 1995. Note that 1995 data are not complete; additional data
are being compiled. Source: NMFS Observer Program.
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Figure 4.1 Maps showing closure areas proposed under Management Measure 3, Alternatives 2, 3, and 4.
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Figure 4.2 Map showing area proposed to remain open under Management Measure 3, Alternatives 2 and 3,
Option A. Shown are Option A (hatched) and Walrus protection areas (outlined).
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Figure 4.3 Map showing location of the Bristol Bay Pot Sanctuary, which was a trawl closure area from 1959-

1984.
-
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Bristol Bay Pot Sanctuary

Rationale for Closure: Originally closed to trawling to prevent conflicts between foreign mobile gear and
concentrations of US crab pots, also to prevent incidental catch of juvenile halibut that are known to
concentrate in this area. Regulation still on books as reserved.

Origin: Part of original FMP. Modified under Amendment 1 implemented on January 1, 1984 to allow year-
round domestic trawling within area. .

Description of Area: The portion of the EEZ encompassed by straight lines connencting the following points,
in the order listed:

Cape Sarichef Light (54°36'N - 164°55'42"W)
55°16'N - 166° 10'W

56°20'N - 163°00'W

57°10'N - 163°00'W

58°10'N - 160°00'W

Intersection of 160°00'W with the Alaska Peninsula
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Figure 44 Map showing areas closed to trawling to protect prohibited species.

Proposed Northemn
Bristo! Bay Area

Donut Hole

o @
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Proposed Northern Bristol Bay Area: closed year-round to all trawling (proposed).

Chum Salmon Savings Area: closed to all trawling August 1-31 with provisional extention to October 5.
Bristol Bay Red King Crab Area: closed seasonally to non-pelagic trawling.

Pribilof Islands Habitat Conservation Area: closed year-round to all trawling.

Crab Protection Zones: Zone 1 closed to trawling year-round.
Zone 2 closed to trawling March 15 - June 15.

Walrus Protection Areas: closed to all fishing April 1 - September 30.

Steller Sea Lion Protection Areas: closed to all trawling year-round with some extended seasonally on
January 20.

Herring Savings Areas: closed to all trawling when trigger reached.
Summer Area 1 closed June 15 - July 1
Summer Area 2 closed July 1 - August 15.
Winter Area closed September 1 - March 1.
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Figure 4.5 Map showing the distribution of Boltenia (sea onion) and bryozoans from the NMFS
trawl surveys 1984-1988. Darker areas indicate higher concentrations within the 20 by 20 nautical
mile blocks.
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Figure 4.6 Map showing the distribution of Mytilidae (mussels)and sea urchins from the NMFS trawl surveys
1984-1988. Darker areas indicate higher concentrations within the 20 by 20 nautical mile blocks.
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Bering Sea

4D

-
4B
180W 175W 170W 165W 160W
e
Halibut Longline Closure Area

Rationale for Closure: This area is closed to directed halibut fishing with longline gear.
Closure of the prescribed area was enacted by IPHC in its effort to rebuild the Bering Sea
halibut resource, as this area was known to contain large concentrations of juveniles.

Origin: Declared a halibut nursery area by IPHC in 1967 and closed to commercial fishing
for halibut. Referred to as the Closed Area in International Halibut Commission regulations.
Boundaries have changed slightly since 1967, most recently in 1990 to allow for the
establishment of a small commercial fishery within the nearshore Bristol Bay area.

D&scﬁpﬁonofAmmTheporﬁonofﬂerBchompassedbysﬂaigMﬁnescmnecﬁngthc
following points, in the order listed:

Cape Sarichef Light 54°36'00" N - 164°55'42" W
56°20'00" N - 168°30'00" W
58°2125" N - 163°00'00" W
56°53'18" N - 158°50'37" W
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————— ASA Model Estimates

Figure 4.9 Biomass of Togiak District herring, 1977-1994. Source: Funk 1994,

Year Class Size at 5 Recrulls
{Miltions of Fish)

Figure 4.10 Year-class strength of Togiak District herring, 1971-1988. Source: Funk 1994.
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Figure 4.13 Map showing generalized distribution of age 0-2 red king crab (stippled areas) and gravel sediments

gcgpgen areas) in Bristol Bay. Source: Hood and Calder 1981, McMurray et al. 1984, Stevens et al.
1.

Bering Sea
4

L1 1 1 1
170W

Generalized distribution of age 0-2 red king crab (stippled areas), and gravel sediments (open
areas) in Bristol Bay, Alaska. Source: Hood and Calder 1981, McMurray et al. 1984, Stevens et
al. 1991.
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Figure 4.14 Map showing the abundance and distribution of red king crab in the 1994 NMFS bottom trawl
survey.
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c halibut in the nearshore waters of Bristol Bay, as observed from

Gilroy and Hoag 1993.

IPHC setline surveys. Source

Figure 4.17 Abundance and size of Paci
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Figure 5.1 Annual estimates of red king crab recruitment and mortalities (natural, fishing, and bycatch).
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Figure 5.2 Estimated net changes in red king crab abundance by adding recruitment to the (negative) estimated
mortalities.
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Figure 5.5 Observed haul locations of the 1992 directed fisheries for yellowfin sole (grey), flatfish, other
flatfish and rock sole.

1992 flatfish fisheries: Yellowfin selected as grey.
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Figure 5.6 Observed haul locations of the 1993 directed fisheries for yellowfin sole (grey), flatfish, other
flatfish and rock sole.

1993 flatfish fisheries: Yellowfin selected as grey
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Figure 5.7 Observed haul locations of the 1994 directed fisheries for yellowfin sole (grey), flatfish, other
flatfish and rock sole.

1994 flatfish fisheries: Yellowfin selected as grey.
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Figure 5.8 Observed haul locations of the 1992 directed fisheries for yeHo@ sole (grey), flatfish, other
flatfish and rock sole with bycatch of red king crab greater than 50 animals.

1992 flatfish fisheries: >50 red king crab.

EA/RIR for BSAI Amendment 37 ' 130 June 21, 1996




Figure 5.9 Observed haul locations of the 1993 directed fisheries for yellowfin sole (grey), flatfish, other
flatfish and rock sole with bycatch of red king crab greater than 50 animals.

1993 flatfish fisheries: >50 red king crab.
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Figure 5.10 Observed haul locations of the 1994 directed fisheries for yellowfin sole (grey), flatfish, other
flatfish and rock sole with bycatch of red king crab greater than 50 animals.

1994 flatfish fisheries: >50 red king crab.
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Figure 5.11 Observed haul locations of the 1992 directed fisheries for yellowfin sole (grey), flatfish, other
flatfish and rock sole with bycatch of herring greater than 0.5 mt.

1992 flatfish fisheries: >0.5 mt herring.
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Figure 5.12 Observed haul locations of the 1993 directed fisheries for yellowfin sole (grey), flatfish, other
flatfish and rock sole with bycatch of herring greater than 0.5 mt.

1993 flatfish fisheries: Herring > 0.5 mt as grey.
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Figure 5.13 Observed haul locations of the 1994 directed fisheries for yellowfin sole (grey), flatfish, other
flatfish and rock sole with bycatch of herring greater than 0.5 mt.

1994 flatfish fisheries: >0.5 mt herring.
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Figure 6.1 Catch of groundfish in the Bering Sea, 1954-1995. Source: 1995 BSAI SAFE.
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Figure 6.2 Red king crab PSC limits and actual bycatch by fishery in Zone 1, 1992-1995. Note: the 1995 data

as of August 18, 1995.
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Figure 6.3 Tanner crab PSC limits and actual bycatch by fishery in Zone 1, 1992-1995. Note: the 1995 data
as of August 18, 1995.
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Figure 6.4 Tanner crab PSC limits and actual bycatch by fishery in Zone 2, 1992-1995. Note: the 1995 data
as of August 18, 1995.
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Figure 6.5 Crab PSC limits and actual bycatch by fishery in Zones 1 and 2, 1992-1995. Note: the 1995 data
as of August 18, 1995.
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Figure 6.6 Catch.of flatfish in the Bering Sea/Aleutian Islands region by foreign, joint-venture, and domestic
fisheries, and the number of crab taken as bycatch in all groundfish fisheries, 1978-1995.
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Table 2.1.  Average percent distribution of the Bristol Bay red king crab stock, by groundfish regulatory areas.
Data from NMFS trawl surveys 1993-1995. Source: Bob Otto, NMFS, unpublished data.

Males greater than 109 mm and females greater than 89 mm in
carapace length are considered mature. These averages are not

a d d i t i \'4 e .
Mature = Total Mature Total Total
Area Males Males Females Females Red King
Area T -~ N. of 58 2.94 3.98 1.91 4.02 4.38
Bycatch Area 1 - 508 4.46 10.97 2.22 12.11 11.36
Bycatch Area 1 - 512 34.71 43.09 67.48 63.67 51.17
Bycatch Area 1 - 516 30.53 23.79 27.02 19.15 21.77
Bycatch Areall - 509 27.00 17.89 0.98 0.67 10.99

Bycatch Area 1 Total 96.70 95.74 97.70 95.60 95.30

Area T - W. of 165 0.36 0.28 0.39 0.38 0.32

Bristol Bay total -100.00 100.00 100.00 100.00 100.00

Savings Area (516) 19.01 15.73 16.92 12.56 14.36

Savings Area (509) 20.85 13.88 0.32 0.22 8.49

Savings Area 39.85 29.61 17.24 12.78 22.85
R. 8. Otto

29 January 1996
c:\arest\data93-95\bbrkc.wkl
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Table 2.2. Average percentage of Bristol Bay red king crab from the annual NMFS trawl survey for the years
1993-1995 found in areas defined in alternative 3. Males >109 mm and females >89 mm carapace
length are considered mature. Source: Bob Otto, NMFS, unpublished data.

EA/RIR for BSAI Amendment 37

Male Male Female Female Grand
Area for Alternative 3 | >109 mm Total >89 mm Total Total
Outside Area 38.12 29.86 12.50 12.08 22.77
Alternative 3 Area 61.88 70.14 87.50 87.92 7723
Total Bristol Bay 100.00 100.00 100.00 100.00 100.00
512-516 Triangle 7.54 8.24 8.74 8.69 8.42
April 1 Cap Area 21.74 1441 0.08 0.11 8.77
Apr 1 - Dec 31 0.00 0.00 0.00 0.00 0.00
Other Outside Areas 8.85 720 3.67 3.28 5.59
Total Outside Area 38.12 29.86 12.50 12.08 22717
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th closure to all trawling,

» total gross and net revenues of catch and bycatch, and estimated
SIX mon!

ation under the status quo (no closure area) and altemative areas, for a

, and

Table 2.3. Summary of total catch, bycatch
total net benefits to the N
year-round, three month
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and herring (mt) in the area closure proposed under Alternative 3. Source: NMFS observer program.

Table 2.5. Percentage of observed groundfish catch (mt) and bycatch of king crab, Tanner crab, halibut (no.).
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Table 3.1. Prohibited species catch (PSC) apportionment for 1996 BSAI traw! fisheries.

Final 1996 BSAI Trawl Fisheries PSC
Apportionments and Seasonal Allowances

Fishery Group Halibut |Herring| Red King Crab| C. bairdi | C. bairdi
Montality (animals)
Cap (mt) (mt) Zone1 Zone1 Zone2
Yellowfin sole 820 287 50,000 250,000 1,530,000
January 20 - March 31 160 5,000 50,000 ‘
April 1 - May 10 150 15,000 200,000
May 11 - August 14 100 10,000
August 15 - Dec 31 410 20,000
Rocksole/other fiatfish 730 110,000 425,000 510,000
' January 20-March 29 453
March 30 - June 28 139
June 28-December 31 138
Turbot/sablefish/ 0 0
Arrowtooth
Rockfish 110 7 10,000
Jan. 1 - Mar. 29 - 30
Mar. 30 - June 28 50
June 29 - Dec. 31 30
Pacific cod 1,685 22 10,000 250,000 260,000
January 20-October 24 1,585
Oct. 25-December 31 100
Pollockmackerel/o.species 430 154 30,000 75,000 690,000
January 20-April 15 330
April 16- December 31 100
Pelagic Trawl Pollock 1,227
TOTAL 3,775 | 1,697 200,000 { 1,000,000 | 3,000,000

Note: unused PSC allowances may be rolled into the following seasonal apportionment.

147 June 21, 1996
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Table 3.2. Average carapace size (nm) at age (year) for red king crab, Tanner crab, and snow crab in the
eastern Bering Sea. Source: Matsuura and Takeshita 1989; Sumerton and Low 1977.

—BedKingCrab JannerCrab Snow Crab
Males Females Males & Females Males & Females
Age length length width width

5 85 80 88 45
6 97 87 105 56
7 112 93 122 66
8 124 98 140 76
9 . 133 103 157 86
10 141 107 175 95
11 146 112 192 103
12 151 119 209 109
13 154 113
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Table 3.3.  Annual abundance estimates (millions of crabs) for red king crab from NMFS surveys. Bristol Bay
and Pribilof Districts are combined except where noted. Source: Stevens et al. 1994.

Males Females
Juveniles Pre-rec Legal Small Large Grand
Size! (mm) <110 110-134 >135 Total <90 >90 Total Total
Width(in) <5.2 5.2-6.5 >6.5 <4.3 >4.3 '
1975 84.9 31.7 21.0 137.6 70.8 58.9 129.7 267.3
1976 70.2 49.3 32.7 152.2 35.9 71.8 107.7 259.9
1977 80.2 63.9 37.6 181.7 33.5 150.1 183.6 365.3
1978 62.9 47.9 46.6 157.4 38.2 128.4 166.6 324.0
1979 48.1 37.2 "43.9  129.2 45.1 110.9 156.0 285.2
1980 56.8 23.9 36.1 116.8 44.8 67.6 112.5 229.3
1981 56.6 18.4 11.3 86.3 36.3 67.3 103.6 189.9
1982 107.2 17.4 4.7 129.3 77.2 54.8 132.0 261.3
1983 43.3 10.4 1.5 55.2 24.3 9.7 34.0 89.2
1984 81.8 12.6 3.1 97.6 57.6 17.6 75.1 172.7
1985 13.7 10.1 2.5 26.3 6.9 6.8 13.7 39.9
1986 11.8 12.3 5.9 30.1 4.5 5.4 . 9.8 39.9
1987 20.1 12.6 7.9 40.6 16.8 18.3 35.1 75.7
1988 8.5 6.4 6.4 21.3 2.7 15.7 18.4 39.7
1989 8.6 9.4 11.9 29.9 4.4 16.9 21.2 51.1
1990 8.2 10.2 9.2 27.6 7.2 17.5 24.7 52.2
1991 8.1 6.4 12.0 26.5 4.7 12.6 17.4 43.9
1992 7.0 5.5 5.8 18.3 2.2 13.4 15.6 33.9
1993 5.7 10.2 9.8 25.8 2.5 19.2 21.7 47.5
1994 6.1 6.7 7.5 20.4 3.4 10.1 13.5 34.0
1995 (B)? 9.5 5.4 6.3 21.1 4.8 8.0 12.8 33.9
(P) 0.2 0.7 2.6 3.5 0.1 2.4 2.5 6.0
Limits®
Lower 3.2 0.6 1.9 9.1 0.5 5.5 7.3 6.4
Upper 15.7 10.1 10.7 33.2 9.1 10.5 18.3 51.5
1% 66 88 70 57 90 31 43 52
! Carapace length (mm).

2 Separate estimates given for Bristol Bay (B) and Pribilofs (P) Districts.
3 Mean + 2 standard errors for most recent year; Bristol Bay only.
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Table 3.4. Length Based Analysis (LBA) estimates of annual abundance (millions of crabs) for red king crab
in Bristol Bay. Source: Zheng et al. 1995.

Males Females
Recruits Small Pre-rec Mature Legal Recruits Mature
to LBA 95~ 110- to LBA
Year Model 119mm 134mm >119mm >134mm Model >89mm
1972 NA 13.755 15.315 18.831 10.176 NA 59.845
1973 33.704 21.445 28.900 24.020 10.661 32.500 69.545
1974 22.108 14.837 37.007 36.262 15.393 28.333 71.418
1975 34.166 21.692 38.033 43.461 21.423 21.753 66.030
1976 49.794 31.673 49.215 52.031 26.252 34.526 75.490
1877 57.467 36.987 65.383 66.623 31.508 72.017 118.791
1978 23.749% 16.835 61.964 79.476 41.619 46.032 119.528
1979 12.816 8.810 38.689 76.172 48.865 18.889 93.001
1980 24.901 15.674 27.210 61.185 44.665 35.703 93.470
1981 17.582 11.703 17.836 18.874 9.505 13.330 71.286
1982 23.918 15.290 17.184 10.935 2.889 17.141 29.837
1983 13.003 8.89%6 13.936 §.316 2.460 4.850 10.144
1984 18.756 11.970 13.463 8.609 2.287 12.076 13.878
1985 11.127 7.540 11.273 7.252 1.766 5.004 7.459
1986 6.923 4.807 13.476 12.216 4.376 4.017 9.394
1987 7.320 4.821 12.058 14.371 6.734 9.017 15.805
1988 6.792 4.510 10.965 15.063 8.3%52 5.769 17.173
1989 5.620 3.772 9.971 16.012 9.832 5.556 17.975
1990 1.524 1.224 7.381 15.316 10.293 0.877 13.881
1991 3.997 2.518 5.23%5 12.141 8.617 3.652 13.718
19982 6.419 4.103 6.325 10.155 6.774 3.342 13.269
1993 2.446 2.087 7.150 10.078 5.892 1.957 11.561
1994 1.088 0.960 5.625 8.539 4.625 0.372 8.746
1995 3.048 1.988 4.660. 8.484 5.337 2.108 8.451
95% Limits® in 1995:
Lower 2.416 NA 3.722 6.604 3.997 1.523 6.770

Upper 3.696 NA 5.249 9.287 5.955 3.270 11.354

:All_sizes are measures of carapace length in millimeters (rmm) .
Estimated by bootstrapping.
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Table 3.5. Annual abundance estimates (millions of crabs) for Tanner crabs (C. bairdi) from NMFS surveys.
Data since 1.988. are for Eastern District; all prior data for Bristol Bay and the Pribilof Districts; both
areas contain virtually all legal males. Source: Stevens et al. 1994,

Males " Females
Juveniles Pre-rec  Large Small Large
: Grand

Size!(mm) <110 110-134 2135 Total <85 285 Total Total
Width(in) <4.3 4.3-5.3 25.3 ' <3.4 23.4

1976 180.2 136.6 109.5 426.3 174.7 220.4 395.1 821.4
1977 255.0 116.3 92.1 463.4 328.4 215.8 544.2 1,007.6
1978 124.2 81.2 45.6 251.0 116.1 73.3 189.4 440.4
1979 133.1 47.7 31.5 212.3 122.6 42.1 164.7 377.0
1980 453.3 65.0 31.0 549.3 326.9 106.8  433.7 983.0
1981 303.8 24.0 14.0 341.8 324.2 79.1  403.3 745.1
1982 88.8 46.9 10.1  145.8 126.4 83.6 210.0 355.8
1983 146.3 32.0 6.7 185.0 180.1 45.4 225.5 410.5
1984 85.1 21.2 5.8 112.1 107.0 33.4 140.4 252.5
1985 31.1 9.4 4.4 44.9 24.2 15.6 39.8 84.7
1986 110.4 12.9 3.1 126.4 68.2 13.7 81.9 208.3
1987 230.1 19.7 8.3 258.0 193.3 35.5 228.8 486.8
1988 287.3 59.7 17.4 364.4 184.8 81.0 265.8 630.2
1989 403.0 102.1 42.3 547.5 338.6 63.8 402.4 949.9
1990 286.1 78.8 53.7 418.6 266.5 97.4 363.9  782.5
1991 267.2 105.4 45.5 418.1 232.1 116.8  348.9 767.0
1992 121.0 101.9 52.8 275.7 98.9 63.9 162.8 438.5
1993 76.6 63.4 27.2 167.7 57.6 29.6 87.2 254.9
1994 47.9 38.6 20.0 106.6 57.9 27.5 85.5 192.0
1995 40.4 32.4 13.3 86.1 66.6 37.2 103.8 189.9
Limits?

Lower 24.6 19.1 7.5 61.1 40.0 20.1 65.4 126.5
Upper 56.1 45.7 19.2 111.1 93.3 54.3 142.2 253.3

£% 39 41 44 29 40 46 37 33

! Carapace width (mm).
2 Mean =+ 2 standard errors for most recent year.
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Table 3.6. Annual abundance estimates (millions of crabs) for snow crabs (C. opilio) from NMFS surveys (all
districts combined). Source: Stevens et al. 1994.

Males Females
Large V.Large Small Large
Grand
Size!(mm) <102 >102 2110 Total <50 >50 Total Total
Width(in) <4.0 24.0 24.3 <2.0 22.0
1982 * * 21.7 2073 403 2256 2658 4732
1983 * * 22.1 1858 673 1228 1913 3760
1984 1237 153 73.9 1391 610 582 1192 2583
1985 548 75 40.7 623 258 123 382 1004
1986 1179 83 °  45.9 1262 791 422 1212 2474
1987 4439 151 70.0 4590 2919 2929 5849 10438
1988 3467 171 90.1 3638 1235 2323 3556 7194
1989 3646 187 81.2 3833 1923 3791 5713 9546
1990 2860 420 188.7 3281 1463 2798 4261 7542
1991 3971 484  323.0 4455 3289 3575 6864 11319
1992 3158 256 164.8 3414 2434 1914 4348 7763
1993 5597 135 77.9 5732 3990 1983 5972 11704
1994 4283 72 39.9 4354 3418 1674 5092 9446
1995 4087 69 30.9 4156 2090 2409 4500 8655
East (%)?2 61 60 50 61 24 56 40 50
Limits®
Lower 3229 47.5 21.0 3283 1526 1735 3465 6748
Upper 4945 90.1 40.8 5028 2655 3084 5535 10563
1% 21 31 32 21 27 28 23 22

! Carapace width (mm).

? Proportion of size group in Eastern District.

3 Mean = 2 standard errors for most recent year.
* Estimates not available at present time.
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Table 3.7.  Crab bycatch (numbers of crab, all sizes) from 1992 BSAI traw! fisheries, by gear, target, and area.
Source: Blend estimates as reported in NPFMC 1995.

1992 crab bycatch data Red King bairdi o. Tanner
by gear and target
Hook & Line
P. cod 2,787 20.980 89.216
sabiefish 44 2 938
other 0 9 25
Total all targets 2,831 20,992 90.179
Groundfish Pot .
P. cod 10074 230274 130.206
other 0 0 0
Total all targets 10,074 230,274 130,206
Trawl
bottom pollock 35,988 458,280 1.010,740
P. cod 95 ' 189.948 89.814
flathead sole 1472 271,498 1,301,980
midwater pollock 7.885 1,043,520 3.560.001
rock sole/o. fiats 58.703 5§70.165 868.358
yellowfin sole 61296 1,490,598 10,608.803
other 1,003 16,757 2467
Total all targets 166442 4.040.767 17,442,164
Total all gears/targets 179.348 4,292,033 17 662,549
1992 crab bycatch data Red l(ing bairdi o. Tanner
by areq (ali gears/targefs)
Regulatory Area
511 79.303 1037918 102,327
512 1222 769 2069
513 13.744 1,264,173 7.110,110
514 20223 388.655 5.397.744
515 5 959 2,744
" 516 51,396 105,984 448
817 1,124 257 950 149,773
518 N 3569 1,865
519 216 24,156 25072
5§21 10,652 1,177.133 4,736.464
5§22 259 27.744 131,648
8§30 0 0 5
540 1,113 3.023 2279
Total all areas 179,348 4,292,033 17 662,649
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Table 3.8. Crab bycatch (numbers of crab, all sizes) from 1993 BSAI trawl fisheries, by gear, target, and area.
Source: Blend estimates as reported in NPFMC 1995,

1993 crab bycaich data Red % bairdi o. Tanner

by gear and target
Hook & Line
P. cod 403 791 125.325
sablefish 6 8 865
other 9 29 2076
Total all targets 417 7.949 127 966
Groundfish pot .
P. cod n 1535 1,138
other 0 0 0
Total ail targets 11 1,535 1,138
Trawl )
bottom pollock 48,797 1.261,729 §22517
P. cod 1,262 21,77 165.461
flathead sole 2,604 98.476 1,860,349
midwater poliock 9,343 387.375 215,743
rock soie/o. fiats 166,154 439814 2397273
yellowfin sole 18.205 995273 9.468.877
other 1,756 7.905 1,397
Total all targets 248,121 3412342 14,631,617
‘ w 248,550 3421826 14,760,722
1993 crab bycatch data Red Ki bairdi o. Tanner
by area (all gears/targets)
Reguicatory Area
508 256 800 54
509 87.080 978,115 39.021
512 0 3 45
513 27 682 1,076,451 8.123.627
514 8537 23,027 5.102,467
516 97.227 61,548 1,491
517 7.891 773043 188.818
518 : 2 484 736
5§19 273 6.121 5,984
521 13.833 480.346 609.710
6§23 0 3694 13,393
524 5543 16,743 . 674030
540 216 1.742 1,146
541 1} 8 170
542 0 0 28
543 0 0 0
Total all areas 248,550 3421826 14,760,722

June 21, 1996
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Table 3.9. Crab bycatch (numbers of crab, all sizes) from 1994 BSAI trawl fisheries, by gear, target, and area.

Source: Blend estimates as reported in NPFMC 1995.

EA/RIR for BSAI Amendment 37

1994 crab bycaich data Red @9 bairdi o. Tanner
by gear and target
Hook and Line
P. cod 185 24524 105,843
sablefish 120 21 815
other 18 2 208
Total all targets 293 24546 106.865
Groundfish pot
P. cod 635 23,668 23,363
other 0 6 0
Total all targets 635 23675 23.363
Trawl
bottom pollock 42511 221514 506916
P. cod 1.251 250,785 311717
fiathead sole 0 125.383 1414376
midwater pollock 667 160,457 305.443
rock sole/o. fiats 216.821 603.846 855.098
yellowfin sole 16,881 1,142,134 8,673,331
other 1,966 2.643 285017
Total all targets 280.096 2496.761 12,351,899
Total all gears/targets 281,023 2,544 982 12.482,127
1994 crab bycatch data - Red King bairdi o. Tanner
by area (all gears/targets)
Regulatory Area
508 0 0] 0
509 84,009 620,394 24,046
512 70 451 0
513 15,289 1,176.899 10,143,213
514 3433 21,647 636534
516 160,637 144,438 1,288
517 106 227 884 235,154
518 17 1,152 260,429
519 1,069 8.813 18.230
521 13,662 331490 1,045,690
523 0 268 7.229
8524 396 10,013 109.256
54 2,197 1521 790
542 138 10 265
543 0 0 4
Total all areas 281023 2,544,982 12A482,127
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Table 3.10 Crab bycatch (numbers of crab, all sizes) from 1995 BSAI trawl fisheries, by gear, target, and area.
Source: Blend estimates supplied by Mary Furuness, NMFS, Alaska Region 2/14/96.

1995 crab bycatch data Red King bairdi o.Tanner
by gear and target '
Hook & Line
P. cod 202 24,582 75,303
sablefish . 28 21 562
other 51 33 907
Total all targets 281 24,636 76,772
Groundfish Pot
P. cod . 2,976 63,038 153,431
other 0 0 30
Total all targets 2,976 63,038 153,461
Trawl bottom pollock 2,631 107,706 146,715
P. cod - 4883 244,088 45,922
flathead sole 83 57,934 456,552
midwater pollock 2,014 46,260 59,939
rock sole/o.flats 22,839 403,047 1,204,128
yellowfin sole 8,648 1,349,275 3,196,459
other 3,826 3,871 55,840
Total all targets 44,934 2,212,181 5,165,555
__Total all gearshtargets 48,191 2,299,855 5,395,788
1995 crab bycatch data Red King bairdi o.Tanner
by area (all gears/targets)
Regulatory Area ,
508 160 324 39
509 14,278 903,847 93,973
512 1,985 281 25
513 1,882 884,937 3,697,634
514 2,187 13,105 747,528
516 19,215 18,636 270
517 4,410 431,358 - 435,333
518 8 8,001 31,744
519 345 8,319 19,990
521 239 25,599 205,046
523 0 328 3,065
524 12 4,306 163,902
541 3,134 800 4315
542 336 15 2,921
543 1 0 6
Total all areas ‘ 48,192 2,299,856 5,395,789
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Table 3.11 Historical estimates of red king crab taken as bycatch in Bering Sea trawl fisheries, 1978-1995.
Source: NPFMC 1989, Armstrong et al. 1993, Stevens et al. 1996.

Crab Bycatch as
Population Bycatch Percent of

Year (millions) (millions) Populati
1978 324.00 0.32 0.10
1979 285.20 0.08 0.03
1980 229.30 0.34 0.15
1981 189.90 1.14 0.60
1982 261.30 0.27 0.10
1983 89.20 0.81 0.91
1984 172.70 0.49 0.28
1985 39.90 1.17 : 293
1986 : 39.90 0.26 0.65
1987 75.70 0.13 0.17
1988 39.70 0.09 0.23
1989 51.10 0.21 0.41
1990 52.20 NA NA
1991 43.90 0.05 0.1
1992 33.90 0.17 0.49
1993 47.50 0.25 0.52
1994 34.00 0.28 0.82
1995 39.90 0.05 0.13

Note: Population size is the NMFS trawl survey index of all size groups combined.
Because the survey does not fully select for small crabs, the index underestimates actual
population size. :
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Table 3.12 Historical estimates of Tanner crab taken as bycatch in Bering Sea trawl fisheries, 1978-1995.
Source: NPFMC 1989, Stevens et al. 1996.

Crab Bycatch as
Population ’ Bycatch Percent of

Year (millions) (millions) Populati
1978 440.40 410 0.83
1979 377.00 7.50 1.99
1980 983.00 3.70 038
1981 - 745.10 . 1.60 0.21
1982 355.80 0.40 0.11
1983 410.50 0.60 0.15
1984 252.50 0.70 0.28
1985 84.70 0.0 1.06
1986 208.30 0.60 0.29
1987 486.80 0.50 0.10
1988 - 630.20 NA NA
1989 949.90 NA NA
1990 782.50 NA NA
1991 767.00 1.67 0.22
1992 438.50 4.04 0.92
1993 254.90 3.41 1.34
1994 192.00 250 1.30
1995 189.90 230 1.21

Table 3.13 Historical estimates of snow crab taken as bycatch in Bering Sea trawl fisheries, 1978-1995.
Source: NPFMC 1989, Stevens et al. 1996.

Crab Bycatch as
‘ Population Bycatch - Percent of

Year millions) (millions) Populati
1992 7,763 17.44 0.22
1993 11,704 14.63 0.13
1994 9,446 12.35 0.13
1995 8,655 54 0.06
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Table 3.14 Sex ratio of red king crab, Tanner crab, and snow crab taken as bycatch in BSAI trawl fisheries,
based on observer sex-specific samples 1993-1995.

Note: The 1995 data are not complete; additional data are being compiled.

Tanner crab Snow crab Red king crab
SPECIES AREA Males Females Males Females Males Females
1993 509 202 87 12 0 54 141
513 441 70 1,449 800 23 4
514 4 0 824 413 1 0
516 39 15 1 1 30 65
517 161 9 23 0 0 0
518 1 0 2 0 0 0
521 122 40 577 21 56 17
523 0 0 5 0 0 0
524 1 0 123 17 0 0
541 96 58 0 0 1 2
TOTAL 1993 1,157 . 279 3,016 1,252 165 229
PERCENT 80.57 1943 70.67 29.33 41.88 58.12
1994 509 139 270 10 1 - -
513 221 48 399 102 - -
517 173 4 164 3 - -
518 1 0 2 1 - -
519 11 1 0 0 - -
521 351 16 1,096 2 - -
523 2 0 1 0 - -
524 0 0 13 0 - -

TOTAL 1994 898 339 1,695 109 nodata nodata
PERCENT 72.59 27.41 93.96 6.04 unknown unknown
1995 509 571 241 - 79 4 1 11
513 157 45 829 72 0 0
514 0 0 8 0 0 0
516 0 0 0 0 33 28
517 136 48 64 33 0 0
521 65 20 37 7 0 0
541 0 0 0 0 0 1
TOTAL 1995 929 354 1,017 116 34 40
PERCENT 72.41 27.59 89.76 10.24 45.95 54.05
TOTAL 1993-1995 2,984 972 5,728 1,477 199 269
PERCENT 1993-1995 75.43 24.57 79.50 20.50 42.52 57.48
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Table 3.15 Condition of crabs examined by observers in domestic groundfish fisheries in the Bering Sea and
Aleutian Islands region, by species and gear type, 1991. Source: Narita et al. 1994,

Gear Excellent Poor Dead
Species Ivpe numbers percent numbers percent numbers percent
Red king crab

Trawl ‘ 825 36.20% . 994 43.70% 457 20.10%

Pot 430 100.00% 0 0.00% 0 0.00%

Longline 10 83.30% 2 16.70% 0 0.00%
Tanner crab

Trawl 8902 29.60% 10,507 34.90% 10,659 35.40%

Pot - 2937 87.70% 12 0.40% 399 11.90%

Longline 179  51.30% 140 40.10% - 30 8.60%
Snow crab

Trawl 2899 10.20% 8,393 29.50% 17,139 60.30%

Pot 353 73.80% 5 1190% 72  15.10%

Longline 990 49.80% 768 38.60% 231 11.60%
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Table 4.1  Catch composition of the 1995 NMFS nearshore beam trawl survey in Togiak Bay. Source: Nichol

etal. 1995.

Species Weight (kg) Percent
Yellowfin sole 556.5 60.2
Asterias amurensis 175.1 18.9
Crangon alaskensis 37.5 4.0
Tube worm sp. 25.8 2.8
Myoxocephalus jaock 20.5 2.2
Starry flounder 14.2 1.5
Telmessus crab 13.8 1.5
Snake prickleback . 13.7 1.5
Gastropod unident. 11.4 1.2
Alaska plaice 10.1 1.1
Pighead prickleback 6.2 0.7
Rock sole 6.2 0.7
Empty bivalves 3.8 0.4
Longhead dab 3.7 0.4
Gymnocanthus sp. 3.2 0.3
Sea anemone unident. 2.6 0.3
Rainbow smelt 2.2 0.2
Saffron cod 2.0 0.2
Clam unident. 2.0 0.2
Bering poacher 1.8 0.2
Walleye pollock (juv.) 1.7 0.2
Tubenose poacher 1.5 0.2
Miscellaneous sp. 5.8 0.6

ALASKA

58 40

58 30

YELLOWFIN SOLE
1995 TOGIAK NEARSHORE STUDY

Cope Constantine
se 20
CPUE (KG/HR)

* < 5000
* 5000 - 10.000

@ 10.000 - 15.000 St0n00rd survey ores bownoory | 3° 10
@ > 15.000
58 00
161 30 161 00 160 30 160 00 139 30 189 00 158 30

Catch per unit effort (CPUE) of yellowfin sole during the
1395 nearshore Togiak Bay beam trawl study.
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Table4.2  Subsistence use of marine resources by residents of Dillingham, Alaska in 1984,

Total subsistence harvest (all resources) 109,489.0 242.23

Fish harvested 71,806.5 24.40
Salmon . 63,9125 141.40
Biackfish 4.0 ‘ 0.01
Burbot 26 0.06
Grayling 199.3 0.42
Pike 495.6 - 1.10
Whitefish 132.0 0.29
Herring 1,380.0 3.05
Herring roe 2,160.0 4.78
Smelt 1,830.0 4.05
Trout & char _ 1,678.1 3.71

Total marine mammals 1,344.0 2.97
Seal 784.0 1.73
Wairus 560.0 1.24

Total marine invertebrates 551.0 1.22

Total Game 29,778.0 65.88

Birds and eggs 2,393.1 5.29

Plants and berries 3,616.0 .0
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Estimates of total red king crab mortality as natural mortality, directed catch and bycatch, and

estimates of annual recruitment (From: Zheng et al. 1995).

Table 5.1
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Table 5.2 Input data sources used to calculate crab mortality as measured by adult equivalents.
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Table 5.3  Montality of red king crabs, as measured by adult equivalents, using 1993 bycatch and abundance
data. Mortality of males shown in top table, mortality of females shown in bottom table.

Table . Estimated mortality of Bering Sea RED KING CRAB (MALES) caused by anthropogenic sources, 1993.
See text for data sources and estimation methodology.

1993 iegai malc abundance = 5.892.000 males > 134mm
Approx. Approx.
Total Average A 0 Discard Yearsto  Montality Percent Percent of
Gear or Number  MALES length age Mortality  Number recruit in ) Adult of tot'al legal maie
Elshery Iarget -impacted _impacted (mm! (veas) .__fate  Killed {males) Equivalents morafily  stogk
Groundfish  Trawi 248,121 106,692 140 10 0.80 85,354 2 48,011 226 0.81
Hook&line 417 179 140 10 0.37 66 2 37 .
Pt 1 H] 140 10 0.08 0 2 0
{uncbserved: fish pot) nodata nodala nodata nodata nodata unknown .nodata  unknown
{unobserved: trawi) no data fodata nodata nodata nodata unknown nodata unknown
' Groundfish F Total 48,049
. Oreage 6 3 110 7 040 k] S o 0.00 0.00
Scator unobserved: no data no data 110 7 _nodata  nodata 5 nodata  unknown unknown
Scallop Fishery Total 0 0.00 0.00
Crab Red king harvest 2,022,165 2,022,165 152 12 ) 1.00 2,022,165 0 2022165 95.22 3432
: BB rld klng M) Sm 2,688,033 110 . 7 0.08 215043 5 51,031 240 0.87
"EBS Tanner.{oycatch) 233,272 107,517 10 7 0.08 8,601 s 2,041 0.10 0.03
‘€8S snow {bycatch) 24,465 14,343 120 8 0.08 1,547 4 363 0.02 0.01
Pmbanﬁnv : '_ no.data nodaia nodaia nodata - nodata unknown nodata unknown  unknown unknown
Ghostfishing. -~ ~ - nodats ' nodata nodata ‘nodata .nodata unknown nodata ~ unknown  unknown unknown
-{unobserved: crab no data nodata nodata nodate 1.00 _ unknown no data unknown __ unknown __unknown
Crab F Totai 2,075,600 97.74 35.23|
l . 1993 MALE red king crab ‘Grand Total :2,123,649 .. 100.00  35.04]

Table . Estimated mortality of Bering Se2 RED KING CRAB (FEMALES) caused by anthropogenic sources, 1993.
See text for data sources and estimation methodology.

1993 Spawning Stock = 11.561.000 females >89mm

Approx. Approx. Percent of

Total N Average Average Discard Yearsto  Montality Percent  mature

Gear or Number FEMALES length age Mo Number maturity of of total female

Groundifish  Trawt 248,121 141,429 15 11 0.80 113,143 0 113,143 32.40 0.88
Hooklline 417 238 115 11 0.37 88 [ 88 0.03 0.00

Pot 1" 6 115 11 0.08 1 1] 1 0.00 0.00

i - {(unobserved: fish pot) no data nodata nodata nodata nodata unknown nodata unknown  unknown  unknown

| {unobserved: trawl) no data nodata nodata nodata nodata unknown no data unknown  unknown unknown
Groundfish Fishery Total 113,23 32.42 0.98

Scallop Oredge 6 3 100 8 0.40 1 0 1 0.00 0.00
uncbserved: no data no data 100 8 _ nodata no data 0 nodata  unknown unknown

ISc.lIgg Fishery Total 1 0.00 0.00|

) Ro_d king femaies 0 80 7 1.00 [} [] [ 0.00 0.00

. BB red king (bycatch) . 5,502,508 2,814,475 100 8 0,08 225,158 0 225,158 64.47 1.95

- 'EBS Tanner (bycaich) 233.2712 125,755 100 8 0.08 10,060 o 10,080 2.88 0.09

24,465 10,124 100 8 0.08 810 0 810 023 0,01

" no data nodala nodate  nodata no m unknown  no data unknown  unknown unknown

‘N0 data -nodata nodata nodata nodata unknown nodata unknown  unknown  unknown

ne data hodata nodata nodate - 1.00  unknown no data unknown  unknown _ unknown

Crab Total 236,028 67.58 2.04
[[1S83 FEMALE red king crab Grand Total__ 346,261 100.00 3.02]
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Table 5.4  Mortality of red king crabs, as measured by adult equivalents, using 1994 bycatch and abundance
data. Mortality of males shown in top table, mortality of females shown in bottom table.

Table . Estimated mortality of Bering Sea RED KING CRAB (MALES) caused by anthropogenic sources, 1994,
See text for data sources and estimation methodology.
1954 Jegal male abundance = 4.625.000 males > 134mm
Approx. Approx.

Total A Average Average Discard Yearsto  Mortality Percent  Percent of

Gear or Number MALES  length age Mortality  Number  recruit in Aduft oftotal  iegal maie
Groundfish  Trawt 281,023 120,840 132 9 0.80 95,672 3 40,783 $8.12 0.88
Hookasine 283 126 110 7 0.37 47 H 1 0.03 0.00

Pot 635 273 110 7 0.08 2 $ 5 0.01 0.00

{unobserved: fish pot) no data nodata nodata nodata nodata unknown nodata unknown uknown unknown

unobserved: no data nodata nodata nodata nodata unknown nodata unknown uknown _ unknown

Groundfish Fisl Total 40,800 89.16 0.88

Scaliop Dredige 55 28 110 7 0.40 1" .- 3 0.0t 0.00

uncbserved: dr no data a0 data 110 7 _nodata no data $ nodata  unknown unknown .

. Scatlop Fi Total 3 0.01 0.00;

Crab Red king harvest Ly 0. 152 12 100 0 0 0 0.00 0.00
_ BB red king (bycatch) o -0 o 7 o008 0 5 0 0.00 .00

" EBS Tanner (bycatch) 18,500 ‘18,000 110 7 0.08° 1,440 .8 342 0.83 0.01
»s_asm(nym) ' = O date no data 120 8 0.08 unknown -nodata unknown  unknown unknown

‘ Potbotmng ) nodate. nodata nodata nodata nodate unknown nodala  unknown  unknown unknown

‘Ghost fishing no data nodata -nodata nodata -nodata unknown no.data unknown  unkaown unknown

unobserved: crab o data nodate nodata nodata ‘1.00  unknown nodata - unknown  unknown  unknown

Crab Fi Total 342 0.83 0.01
.- 1994 MALE ted king crab Grand.Total__ 47,744 100.00 __ 0.89]

Table . Estimated mortality of Bering Sea RED KING CRAB (FEMALES) caused by anthropogenic sources, 1994.
See text for data sources and estimation methodology.

1994 Spawning Stock = 8,746.000 females >89mm
Approx. Percent of
Totat Number Average Average Discard Yearsto  Mortality Percent  mature
Gear or Number FEMALES length age Mortafity  Number maturity of of total fomale
|Groundfish  Trawt 281,023 160,183 108 10 0.80 128,146 [} 128,146 99.88 1.47
Hookaline 293 167 100 8 0.37 62 ] 62 0.05 0.00
Pot 635 362 100 8 0.08 29 ] 29 0.02 0.00
{unobserved: fish pot) no data nodala nodata nodata nodata unknown no data unknown  unknown  unknown
{unobserved: trawi} no data fodata nodata nodata nodata unknown nodata unknown _ unknown _unknown
|Groundfish Fishery Total 128,237 99.95 1.47|
Scallop Dredge 55 28 100 8 0.40 11 ¢ 1 0.01 0.00 J
unobserved: no data no data 100 8 _nodata  nodata [} nodata _ unknown _unknown
Scallop Fis! Total 11 0.01 0.00]
Crab ~Redking femajes o 20 7 1.00 3 [ 0 0.00 0.00
; ‘BB red king {bycatch) 0 o 100 8 0.08 0 [ 0 0.00 0.00
(- EBS Tanner (bycateh) 18,500 600 100 8 0.08 48 [} 48 . 0.04 0.00
v EBSsmw(byeud\) - no data no data 100 8 0.08 unknown no data unknown  unknown - unknown
Pﬁboﬂﬂlg AT - o date nodata nodala nodsta nodata- .unknown  no data unknown - unknown  unknown
‘Ghostiishing - - ' 'nodata .nodata -nodata. nodala -nodata - unknown no data unknown ~ unknown - unknown
__{unobserved: crab no dats nodata nodata nodata 1.00  unknown no data unknown - unknown __unknown
Crab Total 48 0.04 0.00!
{ 1994 FEMALE red klng crab Emd T‘ou 128,296 100.00 1.4ﬂ
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-Table 5.5 Montality of red king crabs, as measured by adult equivalents, using 1995 bycatch and abundance

data. Mortality of males shown in top table, mortality of females shown in bottom table.

Table . Estimated mortality of Bering Sea RED KING CRAB (MALES) caused by anthropogenic sources, 1995.
See text for data sources and estimation methodology.

1995 legal maie sbundance = 5.337.000 males > 134mm
Approx. Approx.
Total A Average Average Discard Yearsto  Mortality Percent  Percent of
Gear or Number  MALES length age Mortality  Number recruit in Aduft ottotal  legal male
Groundfish  Tram 44,834 18,322 145 1" 0.80 15,457 1 11,583 100.00 0.22
Hookssine 281 121 110 7 0.37 unknown nodata unknown uknown  unknown
Pot 2,876 1,280 110 7 0.08 unknown nodata unknown uknown  unknown
{unobserved: fish pot) no.data nodata nodata nodata unknown nodata nodata unknown uknown unknown
uncbserved: no data nodata nodata nodata unknown nodata nodata unknowrn uknown _ unknown
b memenedim) _tosam o [Groundtish Fishery Total 11,583 100.00 0.22]
Seallop Dredge 0 [} 110 7 0.40 [ S5 0 0.00 0.00
unobserved: no data nodata nodata nodata nodata  nodats nodata _hodata _ unknown unknown
Scallop Fishery Total [] 0.00 0.00]
Crab Red king harvest 0 0 152 12 1.00 ] [} 0 0.00 0.00
88 red king (bycatch) o o 110 7. 008 ) 5 0 000 000
.EBS Tanner (bycatch) no data no data 110 7 0.08 unknown nodata unknown uknown  unknown
‘EBS snow (bycatch) no data no data 120 8 0.08 - unknown no data unknown uknown  unknown
Panm’ﬁu : ‘nodats - nodata nodata nodsta - modsts  unknown nodata.  unknown unknown  unknown
Ghost tishing no data nodata nodata nodata ‘nodaia - unknown nodata unknown  unknown unknown
_{unobserved: crab nodata - nodata nodata nodata 1.00 _unknown  no data unknown __ unknown unknown
0.00]
0.22}
Table . Estimated mortality of Bering Sea RED KING CRAB (FEMALES) caused by anthropogenic sources, 1995.
See text for data sources and estimation methodology.
1995 Spawning Stock = . 8.452,000 females >89mm
Approx. Approx. Percent of
Total Numb Average A g Discard Yearsto  Mortality Percent mature
Gear or Number FEMALES iength age Morntality  Number maturity of of total female
Groundfish  Trawt 44,834 25,612 110 10 0.80 20,480 0 20,490 99.06 0.24
Hookatine 281 160 110 10 0.37 59 0o 59 0.28 0.00
Pot 2,976 1,696 11c . 10 0.08 136 0 136 0.66 0.00
{unobserved: fish pot) no data nodata nodata nodata nodata unknown nodata unknown  unknown unknown
ungbserved: no data nodata nodata nodata  nodata unknown nodata unknown  unknown unknown
" |Groundfish Fishery Total 20,685 100.00 0.24
Seallop Dredge ] 0 100 8 0.40 0 0 [ 0.00 0.00 l
unobserved: dr no data no data 100 8 nodata no data 0 nodata  un unk
|Scaillop Fishery Total 0 0.00 0.00]
Crab ) Red king females 0 80 7 1.00 0 0 0 ) 0.00 0.00
BB red king {bycatch) 0 0 nodata 8 0.08 0 [ 0 0.00 0.00
EBS Tanner (bycatch) no data nodata nodata 8 ' '0.08 unknown nodata unknown  unknown unknown
£BS snow (bycatch) no data nodata nodata 8 0.08 wunknown nodata. _unknown .unknown unknown
Potbombing nodsta nocata nodata nocata nodata unknown nodata  unknown  urknown unknown
Ghost fishing - no data nodata nodata nodata  nodata unknown nodata unknown  unknown  unknown
unobserved: crab . __nodata rodata nodats nodata 1.00 _unknown no data unknown  unknown  unknown
Crab Total [] 0.00 0.00

I 1985 FEMALE red king crab Grand Total 20,685  100.00 0.24]
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Table 5.6 Mortality of Tmmer crabs, as measured by adult equivalents, using 1993 bycatch and abundance
data. Mortality of males shown in top table, mortality of females shown in bottom table.

Table . Estimated mortality of Bering Sea TANNER CRAB (MALES) caused by anthropogenic sources, 1993.
See text for data sources and estimation methodology.

1993 large male abundance = 27.200.000 males >135mm

Approx. Approx. Percent of

Total Averag ge Discard Yearsto  Mortality Percent legal

Gear or Number  MALES wiith age Mortality  Number  recruit in Adutt of total male
Groundfish  Traw 3,412,342 2.559,257 125 7 0.80 2,047,405 2 1,151,665 1243 423
Hook&line 7,948 5,962 130 7 0.45 2,683 2 1,509 0.02 0.0t
Pot 1,535 1,151 110 ] 030 - 345 3 146 0.00 0.00
(unobserved: fish pot) no data nodata nodata nodata nodata unknown nodata unknown  unknown  unknown
{unobserved: trawl) no data hodata nodata nodala nodata unknown nodata unknown _unknown _unknown
Groundfish Fis| Total 1,153,320 12.45 4.24
Seallop . Dredge 276,500 138,250 100 ] 0.40 55,300 3 23,330 0.25 0.09
) unobserved: no data nodata nodata nodata nodala  nodata 0 nodata  unknown  unknown
Seallop Fis Total 23330 025 0.0
Crab - . Tanner.crab harvest 7.325,498 7,325,488 150 8 1.00 7,325,488 0 7,325498 78.07 26.93
BBredking bycaich) 3,968,300 3,401,600 130 7 0.08 - 272,128 2. 158072 1.65 0.56
EBS Tanner (bycatch) 18,150,700 ' 12,952,800 130 7 0.08 1,036,224 2 582,876 .29 214
‘EBS snow (bycsich) 6,700,100 582,620 130 7 0.08 46,610 2 26,218 0.28 0.10
-Pot bormbing » .nodsta - . nodata mmb nocats nodata unknown :.nodata unknown  unknown unknown
" Ghost fishing J-no-data " nodata nodata nodata nodata unknown nodata unknown  unknown unknown
uncbserved: crab ~_nodata nodata nodata -nodata 1.00 _unknown no data unknown  unknown _ unknown
Crab Total 8,087,664 87.30 29.73
[958 MALE Tanner crab Grand Total 9,264,314 100.00__34.06]

Table . Estimated mortality of Bering Sea TANNER CRAB (EEMALES) caused by anthropogenic sources, 1993.
See text for data sources and estimation methodology.

1993 Spawning Stock = 29,600,000 females >85mm
Approx. Approx. Percent of
Total Numbx Average Averag Discard Yearste  Mortality Percent mature
Gear or Number FEMALES width age Mortality Number maturity of of totat fomale
jGroundfish  Trawi 3,412,342 853,086 85 5 0.80 682,468 1 511,851 46.57 1.73
Hookaline 7,848 1,987 85 5 045 - 894 1 671 0.06 0.00
Pot 1,535 384 85 5 0.30 115 1 86 0.01 0.00
{unobserved: fish pot) no data nodata nodata nodata nodata unknown nodata unknown unknown  unknown
{unobserved: trawl) no data nodata nodata nodata  nodata unknown nogata unknown
lGroundﬁsh Fishery Total 512,608 46.64
Scaliop . Dredge 276,500 138,250 100 6 0.40 55,300 0 $5,300 5.03 0.19
unobserved: dr no data nodata nodata nodata nodata no data 0 nodata  unknown unknown
Scaliop Fishery Total 55,300 5.03 0.19
Crab Tanner fomales 4 90 6 1.00 [+ o 0 0.00 0.00
86 red king (bycatch) 3,968,300 566,700 -3 6 0.08 45,336 0 45,336 4.13 0.15
EBS Tanner (bycatch) 18,150,700 5,197,900 95 6 0.08 415832 0 415,832 37.84 1.40
EBS snow (bycatch) 6,700,100 873,900 85 [ 0.08 69,912 0 69,912 6.36 0.24
R ] Pot bombing no data nodala nodala nodata nodata unknown nodata unknown  unknown  unknown
Ce e Ghostfishing no data nodata nodata nodata nodata unknown nodata unknown  unknown  unknown
| . {uncbserved: crab no data nodata nodata nocdata 1.00__ unknown no data unknown _ unknown  unknown
Crab Fisl Total 531,080 48.32 1.78
7933 FEMALE Tanner crab Grand Total 1,095,988 100.00 _ 3.71]
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Table 5.7 Monality of Tanner crabs, as measured by adult equivalents, using 1994 bycatch and abundance
data. Montality of males shown in top table, mortality of females shown in bottom table.

Table . Estimated mortality of Bering Sea TANNER CRAB (MALES) caused by anthropogenic sources, 1994,
See text for data sources and estimation methodology.

1994 large male abundance = 20.000.000 males >135mm
: Approx. Aporox. Percant of
Total Number Average Average Discard Yearsto  Mortality Percent legal
Gear or Number  MALES wicth age Monaity  Number  recruit in Adult of total male
Grouncfish  Traw - 2,496,761 1,872,571 125 7 0.80 1,498,057 2 842,657 16.07 4.23
Hookaline 24,546 18,410 130 ? 045 8,284 2 4,660 Q.09 0.02
Pot 23,675 , 12,756 110 6 0.30 5,327 3 2247 0.04 0.01
{uncbserved: fish pot) no data nodata nodata nodata nodata unknown nodata unknown  unknown unknown
unobserved: trawl no data nodata nodata nodata  nodata nodata _ unknown _ unknown unknown
Groundfish Fishery Total 849564 1620  4.25]
Scallop Dredge 262,500 131,250 100 6 0.40 52,500 3 22148 042 0.11
unobserved: 0] no data nodata nodata nodata nodata  nodata 0 nodata  unknown _ unknown
Scallop Fishery Total 22148 042 0.1
Crab _ Tanner crab harvest 3,783,000 3,793,000 150 9 1.00 3,783,000 ¢ 3,783,000 7234 18.97
BB red king (bycaich) ] 0 0 0 0.08 0 [} 0 ) ]
EBS Tanner (bycatch) 9,582,400 5,938,100 130 7 0.08 475,128 2 267,260 5.10 1.34
EBS snow (bycatch) 9,211,500 6,918,600 130 7 008 553488 2 311,337 594 156
Pot bord:hg no data nodata nodata nodata- - nodata  unknown nodata unknown  unknown  unknown
Ghost fishing - nodata - nodata nodata nodata‘ nodata  unknown nodata unknown  unknown unknown
crab no data nodata nodata nodata 1.00 __ unknown no data UNKNOWN  unknown _ unknown
Crab Total 4,371,597 83.37 21.86
[__1994 MALE Tanner crab Grand Total 5,243,309 _ 100.00 _ 26.27)]
Table . Estimated mortality of Bering Sea TANNER CRAB (EEMALES) caused by anthropogenic sources, 1994.
See text for data sources and estimation methodology.
1994 Spawning Stock = 27.500.000 females >85mm
Apprax. Approx. Percent of
Totat Number Average Average Discard Yearsto  Mortality Percent  mature
Gesr or Number FEMALES  width age Mortality  Number maturity ot of total fomale
Groundfish  Trawt 3,412,342 853,086 85 5 0.80 682,458 1 511,851 49.09
- Hookatine 24,546 6,137 85 5 0.45 2,761 1 207 0.20
Pot 23,675 5,818 8s s 0.30 1,776 1 1.332 0.13
{unobserved: fish pot) no data nodata nodata nodata nodata unknown nodata
unobserved: ti no data nodata nodata nodata.  nodata unknown no data un
Groundtish Fishery Total 515,254 49.42
Scallop Dredge 262,500 131,250 100 13 0.40 52,500 [\ 52,500 5.04 0.19
unobserved: dredge’ no data nodata nodata nodata nodata no data 0 no data __ uni unknown
Scallop Fis| Total 52,500 5.04 0.19
Crab Tanner tomales 0 80 6 1.00 o [+] 0 0.00 0.00
BB red king (bycatch) [ 0 100 6 0.08 0 0 0 0.00 0.00
EBS Tanner (bycalch)  8,562.400 3,643,300 100 6 0.08 291,454 ] 291,464 27.95 1.06
EBS snow (bycaich) 9,211,500 2,292,900 100 & 0.08 183,432 [+ 183,432 17.58 0.67
Pot bombing » no data nodata nodata nodate nodata unknown nodam unknown  unknown unknown
Ghost fishing . no data nodata nodala nodala nodata unknown nodata unknown  unknown  unknown
unobserved: crab no data nodata nodata nogata 1.00__ unknown nodata unknown  unknown __ unknown
Crab Total 474,896 45.55 1.73
I 1994 FEMALE Tanner crab Grand Total 1,042,650 100.00 3.79]
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Table 5.8 Montality of Tanner crabs, as measured by adult equivalents, using 1995 bycatch and abundance
data. Mortality of males shown in top table, mortality of females shown in bottom table.

Table . Estimated mortality of Bering Sea TANNER CRAB (MALES) caused by anthropogenic sources, 1995.
See text for data sources and estimation methodology.

1995 large male abundance = 13.300.000 males >135mm
Approx. Approx. Percent of
Tota! Numb Average Average Discard Yearsto  Montality Percent legal
Goar or Number  MALES width age  Moralty Number recruit in Adutt of total male
Grouncifish  Traw 2,212,181 1,659,136 120 7 0.80 1,327,309 2 746,611 28.34 §.61
Hook&line 24,636 18,477 130 7 0.45 8,315 2 4877 0.18 0.04
Pot 63,038 47,279 110 6 0.30 14,184 3 5.984 0.23 0.04
{unobserved: fish pot) no data nodata nodata nodata nodata unknown nodata unknown  unknown unknown
{unobserved: trawi) no data nodata nodata nodata nodata
Seatiop Dredge [} 0 nogdsta nocata 0.40 [+4 ] o 0.00 0.00
unobserved: no data nodata nodata nodata nodata no data 0 nodata _ unknown unknown
Scaliop Fishery Total ] _0.00 0.00 .
Crab Tanner crab harvest 1,877,303 1,877,303 150 9 1.00 1,877,303 0 1,872,303 71.26 14.12
BB red king (bycatch) no data nodata nodata nodsta 0.08 unknown no data unknown  unknown  unknown
EBS Tanner (bycatch) no data nodata nodata nodata 0.08 unknown nodata unknown  unknown unknown
EBS snow (bycaich) no data nodata nodata  nodata 0.08 . unknown nodata unknown  unknown  unknown
Pﬂboni:tn no data ‘nodata nodata nodate 1.qo unknown nodata unknown  uninown unknown
Gheost fishing no data nodata nodata nodala nodata unknown nodata’ unknown  unknown  unknown
unobserved: crab nodata nodata nodata nodata 1.00 _unknown nodata unknown _ unknown _unknown
‘ Crab Total 1,877,303 71.26 14.12

[ 1995 MALE Tanner crab Grand Total 2,634,575 _ 100.00 _ 19.81]

Table . EﬂimdmnﬂkyofBﬁngSuTANNERCRABWchymMmkml”s.
Seelenfordatasoureesandesﬁmaﬁonmethodology.

1995 Spawning Stock = 37.200,000 females >85mm
Approx. Approx. Percent of
Total N Average Average Discard Yearsto  Mortafity Percent  mature
Goar or Number FEMALES  width age Mortality  Number maturity of of total fomale
Hshery Iarget ~impacted _impacted (mm) {vears) __rae  _Kiled (females) Spawners  moaity stock
|Groundfish  Trawt 2,212,181 553,045 85 5 0.80 442435 1 331,827 $8.33 0.89
Hookaline 24,636 6,159 85 §5 0.45 2,772 1 2,078 0.62 0.01
Pot 63,038 15,760 85 s 0.30 4,728 1 3,546 1.05 0.01
{unobserved: fish pot) no data nodata nodata nodata nodata unknown nodata unknown  unknown  unknown
{uncbserved: trawl) no data fodata nodata nodata nodata unknown nodata unknown _ unknown _unknown
~ [GroundfishFisheryTolal 337452 10000 091

0 0 nodata nodata 0.40 [*] [} 0 0.00 0.00
no data nodata nodata nodata no data unknown _ unknown

Crab Tanner temales 0 90 [ 1.00 0 o 0 0.00 0.00
BB red king {bycatch) ] (4] 100 6 0.08 1] [+ 0 0.00 0.00

EBS Tanner (bycatch) no data no data 100 ] 0.08 unknown nodata unknown  unknown  unknown

EBS snow (bycaich) no data no data 100 [ 0.08 unknown nodata unknown  .unknown  unknown

Potbombing .. . nodata nodata nodata nodasta nodata unknown nodata  unknown  unknown  unknown

Ghost fishing ’ no data fodata nodata nodala - nodata unknown nodata unknown . unknown unknown

unobserved: crab no date nodata nodata  no data 1.00 unknown nodata unknown ___ unknown _ unknown

: Crab Total 0 0.00 0.00

1995 FEMALE Tanner crab Grand Total 337,452  100.00 0.91
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Table 5.9 Mortality of snow crabs, as measured by adult equivalents, using 1993 bycatch and abundance data.
Mortality of males shown in top table, mortality of females shown in bottom table.

Table . Estimated mortality of Bering Sea SNOW CRAB (MALES) caused by anthropogenic sources, 1993.
See text for data sources and estimation methodology.

1993 lasge male sbundance = 212.900.000 males >102mm
Approx. Approx. Percent of
Tota! Number  Average Average Discard Years to Mortality Percent large
Gear or Number MALES width sge  Mortality Number  recruit in Adult of total male
Groundfish  Tram 14,631,617 11,705,284 75 8 0.80 9,364,235 5 2222177 1.28 1.04
Hookaline 127,966 102,373 110 12 0.45 45,068 1 34,551 0.02 0.02
Pot 1,138 910 20 4 0.30 273 4 86 0.00 0.00
- {unobserved: fish pot) no data nocdata nodata nodata nodata unknown nodata
{unobserved: tram) no data nodata nodata nodata  nodate un no data un unknown _unknown _
Groundtish Fishery Total 2,256.814 1.30 1.05|
15,000 100 " 0.40 6,000 - 2 3375 0.00 0.00
nodata nodata nodata ' nodata nodata _ unknown unknown

m_ ...  Snow crab harvest 169,558,842 169,558,842 "2 13 1.00 . 169,558,842 0 169,558,842 97.78 79.64
- BB rec King ycatch) 18900 18100 0 o oo0e 0 o 0 0 °

~'EBS Tanner (bycatch) 1,485,800 1,467,100 80 9 0.08 117,368 4 37,136 0.02 0.02

) £BS snow (bycatch) 63,492,158 - 61,064,558 .90 9 0.08- 4,885,165 4 1,545,697 0.89 0.73

" Potbombing ) no data nodata. nodata. nodata nodata . unknown nodata unknown  unknown unknown
Ghostfishing * . no data nocdata nodaia nodata nodata’ unknown nodata unknown  unknown unknown

unobserved: crab : no data nodata nodata nodata 1.00 unknown nodata unknown _ unknown unknown

[ 1993 MALE Snow crab Grand Total 173,401,864 100,00 51 5]

Table . Estimated mortality of Bering Sea SNOW CRAB (EEMALES) caused by anthropogenic sources, 1993.
See text for data sources and estimation methodology.

1993 Spawning Stock = 1.983.000,000 females >S0mm
Approx. Approx. Percent of
Total Number Average Average Discard Yearsto  Montality Percent mature
Gear or Number FEMALES  width age Mortality Number maturity of of total female
{Groundfish  Trawl 14,631,617 2,926,323 63 7 0.80 2,341,059 0 2,341,059 91.86 012
Hookaline 127,968 25,593 63 7 0.45 11,517 0 11,517 0.45 0.00
Pot ) 1,138 228 63 7 0.30 68 (] 68 0.00 0.00
{uncbserved: fish pot) no data nodata nodata nodata nodata urknown nodata h L
{unobserved: trawl) no data nodata nodata nodata nodata unknown no data
IGmundﬁsh Fishery Total 2,352,644 92.32 0.12)
Scallop Drecge 15,000 o 100 10 0.40 "] 0 0 0.00 0.00
unobserved: no data fodata nodata nodata nodata _ nodata 0 no data unknown _unknown
Scaliop Fishery Total 0 0.00 0.00;
Crab Snow females 0 50 ] 1.00 0 0 [ 0.00 0.00
. .BB red king (oycatch) . 18,900 1,800 65 7 0.08 144 ] 144 0.01 0.00
L EBS Tenner (bycatch) 1,485,800 18,700 €5 7 0.08 1,496 [} 1,496 0.06 0.00
iy EBS snow (bycatch) 5 63,482,158 2,427,600 65 7 0.08 194,208 0 184,208 7.62 0.01
Patuum - nodata . nodata nodata nodata nodala UNKNOWN nodata  unknown  unknown  uniiown
~- Ghost fishing - S notats . no data 4 unknown unknown  unknown
: - ___nodata no data
1353 FEMALE Snow crab Grand Total 2,545,492 100.00  0.13]
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Table 5.10 Mortali.ty of snow crabs, as measured by adult equivalents, using 1994 bycatch and abundance data.
Mortality of males shown in top table, mortality of females shown in bottom tabie,

Table . Estimated mortality of Bering Sea SNOW CRAB (MALES) caused by anthropogenic sources, 1994.
See text for data sources and estimation methodology.,

1994 large malc abundance = 111.900.000 males >102mm
Approx. Aporox. Percent of

Total Numb Average Average Discard Years to Mortatity Percent  large

Gear or Number MALES wichh age  Morality  Number  recruit in Adutt of total male
Groundfish  Traw! 12,351,899 8,881,519 75 8 0.80 7,905,215 4 2,501,260 210 224
. Hook&line 106,865 85,482 110 12 0.45 38,471 o 38,471 0.03 0.03
Pot 23,363 - 18,650 90 ] 0.30 5,607 3 2,366 0.00 0.00

(unobserved: fish pot) no data nodata nodata nodate nodate unknown  no data
t {unobsarved: trawl) no data nodata nodata nodata nodata

15,000 15,000 100 11 0.40 6,000 1 4,500 0.00 0.00
no data nodata nodata nodata nodata no data 0 nodata  unknown unknown

Crab Snow crab harvest 114,779,014 114,779,014 110 12 1.00 114,779,014 0 114,778,014 86.20 10257
" B8 rad king (oycatch) o 0. o o o008 o ° ° 0 o

EBS Tanner (bycatch) 66,100 ‘66,100 . 80 9 0.08 5,288 3 2,231 0.00 0.00

EBS snow (bycaich) -63,563,786 58,806,386 80 9 0.08 4712511 3 1,988,091 1.87 1.78

.Potboﬂﬁn . S no data nodata nodats  nodata - nodata unknown no data unknown  unknown unknown

Ghost fishing - no data nodata nodata nodata nodata ‘unknown  no data unknown  unknown unknown

unobserved: crab no data nodata nodata  nodata 1.00 unknown _ no data unknown  unknown unknown

Crab Total 116,769,335 87.87__104.35

L 1994 MALE Snow crab Grand Total 119,315,932  100.00 106.63'

Table . Estimated mortality of Bering Sea SNOW CRAB (FEMALES) caused by anthropogenic sources, 1994.
See text for data sources and estimation methodology.

1994 Spawning Stock = 1,674,000.000 females >S0mm
Approx. Approx. Percent of
Total Number Average Average Discard Yearsto  Mortaiity Percent mature
Gear or Number FEMALES width age Mortality  Number maturity of of total female
Groundfish  Trawi 12,351,888 2,470,380 63 7 0.80 1,876,304 0 1,976,304 95.06 0.12
Hook&lihe 106,865 21,373 63 7 0.45 9,618 0 9,618 0.46 0.00
Pot : 23,363 4673 63 7 0.30 1,402 0 1,402 0.07 0.00
{unobserved: fish pot) no data nodata nodata nodata nodata unknown no data L h
| {unobserved: trawl) no data nodata nodata nodala  nodata unknown nodata unknown unknown __unknown
Groundfish Fishery Total 1,987,323 95.59 0.12
Scaliop - Dredge 15,000 [} 100 10 0.40 0 0 [ 0.00 0.00 l
‘ (unobserved: 8 no data nodata nodata nodata nodata no data o no data
Scaltlop Fis! Total 0 0.00 0.00
Crab g Snow females [} 50 6 1.00 o] 0 0 0.00 0.00
BB red king (bycatch) [ [} 65 7 0.08 o 0 ] 0.00 0.00
: EBS Tanner (bycatch) 66,100 0 65 7 0.08 o o '] 0.00 0.00
: _EBS snow {bycatch) 63,563,786 . 1,146,400 &5 7 0.08 91,712 0 91,712 4.41 0.01
" Pot bombing. 277 nodsta  nodata nodala nodala nodala unknown nodaia  unknown  unknown  Lnknown
- 5, Ghostfishing . . nodata nodata nodata nodata  .nodata unknown nodala  Unknown unknown  unknown
" {uncbserved: crab pot) no data no data nodata -nodata 1.00  unknrown no data unknown unknown _ unknown
[CM FhE Total 91,712 4.41 0.01'
I 1994 FEMALE Snow crab Grand Total 2,0;9.035 100.00 0.12]
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Table 5.11 Mortality of snow crabs, as measured by adult equivalents, using 1995 bycatch and abundance data.
Mortality of males shown in top table, mortality of females shown in bottom table.

Table . Estimated mortality of Bering Sea SNOW CRAB (MALES) caused by anthropogenic sources, 1995.
See text for data sources and estimation methodology.

1995 large male abundance = 99.900.000 males >102mm
Approx. Approx. Percent of
Tota! Number  Average Average Discard Years to Mortality Percent large
Gear or Number MALES width age Mortality Number  recruit in Adult of total maie
Groundfish  Trawmt §,165,555 4,132,444 75 8 0.80 3,305,955 4 1,046,025 170 1.05
Hook&line 78,772 61,418 110 12 0.45 27,638 ) 27,638 0.0¢ 0.03
Pot . 153,461 122,769 80 -} 0.30 36,831 3 15,538 .03 0.02
{unobserved: fish pot) no data nodata nodata nodata nodata unknown  no data unknown  unknown  unknown
i (unobserved: trawl) no data nodata nodaia nodata nodata unknown  no data unknown __ unknown _ unknown
Groundfish Fis Total 1,089,201 1.77 1.09
Scaliop . Drecige ¢ 0 100 11 0.40 0 1 0 0.00 0.00
unobserved: no data nodata nodala nodata nodata no data 0 no data _ unknown _ unknown
Scaliop Fi Total 0 0.00 0.00
Crab . Snow crab harvest 60,611,411 60,611,411 110 12 1.00. 60,611,411 0 60,611,411 98.23 60.67
" BB red king (oycatch) D) e o o 008 °o. o 0 o 0
EBS Tanner (bycatch) unknown nodata nodata ' nodata 008  unknown nodata unknown unknown  unknown
EBS snow (bycatch) unknown nodata nodata nodata 0.08°  unknown nodata unknowe unknown  unknown
—Potbuwhgb'._ : C no data nodata nodata no dats »mm‘ unknown onodata*.. unknown unknown unknown
Ghost fishing no data nodata nodata nodsta nodate unknown nodata unknown  unknown  unknown
unobserved: crab no data nodata nodsta nodata 1.00 - _unknown no data unknown _unknown _ unknown
Crab Total 60,611,411 98.23 60.67,
C 1995 MALE Snow crab Grand Total 61,700,612 100.00 _ 61.76]

Table . Estimated mortality of Bering Sea SNOW CRAB (FEMALES) caused by anthropogenic sources, 1995.
See text for data sources and estimation methodology. -

1995 Spawning Stock = 2,409,000.000 females >50mm

Approx. Approx. Percent ot

Total [} Average Average Discard Yearsto  Mortality Percent mature

Gear or Number FEMALES width age  Mortalty Number maturity of of total female

Elshery Iarget -impacted _impacted (mm) (vears) __rate _Killed ({females) Spawners  moralty stock

Groundfish  Trawl 5,165,555 1,083,111 €3 7 0.80 826,482 0 826,489 98.09 0.03
Hook&dine 76,772 15,354 83 7 0.45 6,909 o 6,909 0.82 0.00
Pot 153,451 30,692 63 7 0.30 5,208 0 9,208 1.08 0.00
{unobserved: fish pot) no data nodata nodata nodata nodata unknown nodata unknown unknown unknown
unobserved: trawi! no data nodata nodata nodata nodata unknown nodata unknown unknown __ unknown
Groundfish Fishery Total 842,606 100.00 0.03
0 [+] 100 10 0.40 0 0 0 0.00 0.00
00 date nodata nodata nodata nodata no data 0 no data unknown _unknown
Scallop Fishery Total ] 0.00 0.00
[} 50 & 1.00 0 [} 0 0.00 0.00
] 0 0 0 0.08 o (] [} 0.00 0.00
no cata no data 65 7 0.08 unknown nodata unknown unknown  unknown
no data no data 65 7 0.08 unknown nodata unknawn unknown  unknown
0o data nodata nodata nodata nodata unknown nodata unknown unknown  unknown
3 e o ontl nodata - nodata nodata -nodata - .unknown nodata unknown . unknown  unknown
L~ (uncbserved: crabpot) nodata  nodata nodala nodata 1.00 _unknown no data unknown unknown __ unknown
Crab Total 0 0.00 0.00]
1983 FEMALE Snow crab Grand Total _ 842,606 100.00 __0.03]
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Table 5.12 Adult equivalent crab removals by groundfish, scallop, and crab fisheries, 1993-1995. Unobserved
mortality due to gear impacts not included in estimates.

Red King Crab

1993 1994 1995
Sex Eishery Number Percent Number Percent Number Percent
Males Groundfish 48,049 2.26 40,800 99.16 11,593 unknown
Scallop 0 0.00 3 0.01 0 unknown
Crab 2,075,600 97.74 342 0.83 unknown unknown
Total 2,123,649  100.00 41,145  100.00 11,593
Females Groundfish 113,232 32.42 128,237 99.95 20,685 unknown
Scallop 1 0.00 -1 0.01 0 unknown
Crab . 236,028 67.58 48 0.04 unknown unknown
Total 349,261 100.00 128,296  100.00 20,685
Tanner Crab
1993 1994 1995
Sex Eishery Number Percent Number Percent Number Percent
Males Groundfish 1,153,320 1245 849,564 16.20 757,272 28.74
Scallop 23,330 025 22,148 042 0 0.00
Crab 8,087,664 87.30 4,371,597 83.37 1,877,303 71.26
Total 9,264,314 100.00 5,243,309 100.00 2,634,575 100.00
Females Groundfish 512,608 46.64 515,254 4942 337,452  100.00
Scallop 55,300 5.03 52,500 5.04 0 0.00
Crab 531,080 48.32 474,896 45.55 unknown -unknown
Total 1,098,988 100.00 1,042,650’ 100.00 337,452
Snow Crab
1993 1994 1995
Sex Eishery Number Percent Number Percent Number Percent
Males ‘Groundfish 2,256,814 1.30 2,542,096 2.13 1,089,201 1.77
Scallop 3,375 0.00 4,500 0.00 0 0.00
Crab 171,141,675 98.70 116,769,335 97.87 60,611,411 98.23
Total 173,401,864  100.00 119,315,931 100.00 61,700,612  100.00
Females Groundfish 2,352,644 82.32 1,987,323 95.59 842,606 100.00
Scallop 0 0.00 0 0.00 0 0.00
Crab 195,848 7.68 91,712 4.41 unknown unknown
Total 2,548,492 100.00 2,079,035 100.00 842,606

Note: 1995 crab ﬁshéry data include only males harvested; bycatch data not available.
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Table 5.13 Aduit equivalent crab removals by groundfish, scallop, and crab fisheries, as a percent of adult
population size, 1993-1995. Unobserved mortality due to gear impacts not included in estimates.

Red King Crab
1995 1994 1995
Sex Eishery Number Percent Number Percent Number Percent
Males Groundfish 48,049 0.82 40,800 0.88 11,593 -0.22
Scallop 0 0.00 3 0.00 0 0.00
' Crab 2,075,600 35.23 342 0.01 unknown unknown
Legal Male Population 5,892,000 36.04 4,625,000 0.89 5,337,000
Females Groundfish 113,232 0.98 128,237 147 20,685 0.24
Scaliop 1 0.00 11 0.00 0 0.00
Crab 236,028 2.04 48 0.00 unknown unknown
Mature Female Population 11,561,000 3.02 8,746,000 147 8,452,000
Tanner Crab
1993 1994 1995
Sex Eishery Number Percent Number Percent Number Percent
Males Groundfish 1,153,320 424 849,564 425 757,272 5.69
Scallop 23,330 0.09 22,148 0.11 ] 0.00
Crab 8,087,664 29.73 4,371,597 21.86 1,877.303 14.12
Legal Male Population 27,200,000 34.06 20,000,000 26.22 13,300,000 19.81

Females Groundfish 512,608 1.73 515,254 1.87 337,452 0.91
Scaliop 55,300 0.19 52,500 0.19 0 0.00
- Crab 531,080 1.79 474,896 1.73 unknown unknown

Mature Female Population 29,600,000 37N 27,500,000 3.79 37,200,000

Snow Crab
1993 1994 1995

Sex Eishery Number Percent Number Percent Number Percent
Males Groundfish 2,256,814 1.06 2,542,096 227 1,089,201 1.09
Scallop 3,375 0.00 4,500 0.00 0 0.00
Crab 171,141,675 80.39 116,769,335 104.35 60,611,411 60.67
Large Male Population 212,900,000 81.45 111,900,000 106.63 99,900,000 61.76
Females Groundfish 2,352,644 0.12 1,987,232 0.12 842,606 0.03
Scallop 0 0.00 0 0.00 0 0.00
Crab 195,848 0.01 91,712 0.01 unknown unknown

Mature Female Population ~1,983,000,000 0.13 1,674,000,000 0.12 2,409,000,000

Note: 1995 crab fishery data include only males harvested; bycatch data not available.
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Table 6.1  Production of groundfish products in the fisheries of Alaska by species, 1993-1994, quantity in
metric tons, product weight and value in million dollars. Source: Kinoshita et al. 1995.

‘Species/ 1993 1994
Product Quantity Value Quantity Value
Pollock
Whole 4,354 §$ 2.7 1,552 § 1.1
H&G 1,342 0.9 945 0.7
FPillets 67,755 150.0 54,781 122.9
Minced 16,274 14.5 10,930 9.0
Surimi 150,288 254.5 181,957 375.1
Roe 11,933 145.6 11,835 150.1
Pish meal 53,952 27.0 52,084 25.6
Other 11,537 2.4 12,159 3.7
Total 597.5 688.3
Pacific cod
Whole 10,857 10.5 5,870 3.9
H& G 37,333 61.1 51,807 88.1
Fillets 12,537 47. 12,276 36.0
Salted 6,598 16.5 4,325 6.7
Other 7,211 8.5 7,719 11.6
Total 144.1 146.3
Sablefish
H& G 16,315 97.7 16,156 101.6
Other 97 0.1 576 3.2
Total 97.8 104.8
Flatfish
Whole 28,752 22.0 42,941 29.7
H& G 36,510 43.4 30,288 63.5
Fillets 2,035 5.8 1,672 3.7
Kirimi 12,835 30.0 17,519 25.4
Other 1,312 —0.7 1,746 _ 1.6
Total 101.8 123.9
‘Rockfish
Whole ) 5,324 5.0 3,228 1.9
H& G 11,581 30.7- 9,442 15.3
Other 188 0.6 123 0.4
Total 36.3 i 17.6
Atka mackerel
Whole 14,184 11.7 9,575 7.4
H& G 24,737 43.3 23,750 21.9
Other 31 0.0 1,486 2:2
Total 55.0 31.4
Total $1,032.5 $1.112.3

H & G - Headed and gutted. Kirimi - Sliced fish.
Source: National Marine Fisherles Service, Alaska and Northwest Regions.
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Table 6.2 Economic data for the Bristol Bay red king crab fishery, 1975-1995. Source: Morrison 1995.

Number of Season Total harvest Total Revenue ($)
1975 102 106 51.00 0.38 19,380,000 190,000
1976 141 112 63.00 0.58 36,540,000 259,149
1977 130 83 69.00 1.11 76,590,000 589,154
1978 162 43 87.00 1.23 107,010,000 660,556
1979 236 30 107.00 1.01 108,070,000 457,924
1980 236 40 128.10 0.90 115,290,000 488,517
1981 177 91 33.60 1.50 50,400,000 284,746
1982 90 30 290 3.05 8,845,000 98,278
1983 0 No Fishery 0.00 0 0
1984 89 15 4.10 2.60 10,660,000 119,775
1985 128 8 4.20 290 12,180,000 95,156
1986 159 13 11.10 405 44,955,000 282,736
1987 236 12 12.20 4.00 - 48,800,000 206,780
1988 200 8 7.40 5.10 37,740,000 188,700
1989 211 12 10.20 5.00 51,000,000 241,706
1890 240 12 20.20 5.00 101,000,000 420,833
1991 302 7 17.10 3.00 51,300,000 169,868
1992 281 7 8.00 5.00 40,000,000 142,349
1993 202 9 14.60 380 65,480,000 190,000
1994 0 No Fishery . 0 0 0
1995 0 No Fishery 0 -0 0
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Table 6.3  Economic data for the Eastern Bering Sea Tanner crab fishery, 1975-1995. Source: Morrison 1995.

‘ Number of Season Total harvest Total Revenue ($)
1975 28 NA 7.00 0.20 1,400,000 50,000
1976 66 NA 22.00 0.19 4,180,000 63,333
1977 83 NA 51.00 0.30 15,300,000 184,337
1978 120 NA 66.00 0.38 25,080,000 209,000
1979 144 NA 42.00 0.52 21,840,000 151,667
1980 152 189 36.50 0.52 18,980,000 124,868
1981 165 88 29.60 0.58 17,168,000 104,048
1982 125 118 10.90 1.06 11,554,000 92,432
1983 108 118 5.20 1.20 6,240,000 57,778
1984 41 118 1.20 0.95 1,140,000 27,805
1985 44 149 3.10 1.40 4,340,000 98,636
1986 0 No Fishery 0.00 0
1987 0 No Fishery 0.00 0
1988 o8 93 220 217 4,774,000 48,714
1989 109 110 7.00 290 20,300,000 186,239
1990 179 89 24.50 1.85 45,325,000 253,212
1990/91 255 126 39.70 1.12 44,464,000 174,369
1991/92 285 137 31.50 1.50 47,250,000 165,789
1992/93 294 137 35.10 1.69 59,319,000 201,765
1993/94 296 52 16.90 1.90 32,110,000 108,480
1994 183 20 7.60 3.75 28,500,000 155,738
1995 196 15 420 2.80 11,760,000 60,000
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Table 6.4  Economic data for the Eastern Bering Sea snow crab fishery, 1975-1995. Source: Morrison 1995.

1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1983
1994
1995

Number of
Vessels

15
102

134

153
122
109

52

75

88
103
171
168
189
220
250
254
273
253

Season

length (days)

NA
NA
307
229
167
120
320
‘333
252
158
120
112
148
159
97
59
45
33

EA/RIR for BSAI Amendment 37

Total harvest

{millions of [bs)

1.70
32.00
39.30
50.50
28.30
24.80
26.00
64.90
96.60
100.90
130.80
147.60
160.00
325.20
313.00
229.20
148.00

74.00

182

Total

Revenue ($)

Price/lb  Value($)  pervessel

0.38
0.30
0.21
0.26
0.73
0.35
0.30
0.30
0.60
0.75
0.77
0.75
0.64
0.50
0.50
0.75
1.30
243

646,000
9,600,000

8,253,000

13,130,000
20,659,000
8,680,000
7,800,000
19,470,000
57,960,000
75,675,000
100,716,000
110,700,000

102,400,000

162,600,000
156,500,000
171,800,000
192,400,000
179,820,000

43,067

94,118

61,590

85,817
169,336

79,633
150,000
259,600
658,636
734,709
588,982
658,929
541,799
739,091
626,000
676,772
704,762
710,751
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Table 6.5 Distribution of red king crab and Tanner crab PSC and actual bycatch by fishery, 1992.

Fishery Group Red King Crabl Tanner Tanner Occurrence of
1992| (animais) PSC limit closure
Zone 1 Zone 1 Zone 2 Date

Yeliowfin Sole Tanner PSC Zone 1 June 6
PSC iimit 75,000 100,000] 1,225,000
Amount bycaught 26,362 168,048/ 1,058,703
Difference 48,638 -68,048 166,297

IRocksole/other flatfish Halibut PSC Feb. 23
PSC limit 85,000 700,000 300,000} Halibut PSC April 4
Amount bycaught 46.138 451,433 73,185|Halibut PSC July 1
Difference 88,862 248,567 226,815{Halibut PSC Aug. 24|

Turbot/sablefish/arrowtooth
PSC limit
Amount bycaught
Difference

Rockfish Halibut PSC April 26
PSC limit 0 50,000|Halibut PSC July 8
Amount bycaught 0 l.788
Difference 0 48,212

Pacific Cod Tanner PSC Zone1 Feb. 15
PSC limit 10,000 75,000 712,500} Halibut PSC May 6
Amount bycaught 3 52,548 97,924 Halibut PSC June 3
Difference 8,997 22,452 614,576

Other Tanner PSC Zone1 Feb. 15
PSC limit 30,000 125,000 712,500} Halibut PSC Feb. 16
Amount bycaught 38.017 181,240] 1,094 978|Halibut PSC May 21
Difference -8,017 -56,240] -382,478|Halibut PSC Dec. 8
JOTAL
PSC limit 200,000 1,000,000/ 3,000,000
Amount bycaught 110.520 853,269 2,326,578
Difference 89,480 146,731 673,422

“Data from NMFS 1992 Bering Sea/Aleutian islands Fisheries Prohibited Species Bycatch
Mortality and NMFS Alaskan Groundfish Fisheries Closures 1986-1994

June 21, 1996
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Table 6.6 Distribution of red king crab and Tanner crab PSC and actual bycatch by fishery, 1993.

Fishery Group Red King Craty Tanner Tanner Occurrance of
1993 (animals) PSC limit closure
Zone 1 Zone 1 Zone 2 Date

Yeliowfin Sole Halibut PSC June 6
PSC limit 40,000 175,000 1,220,916
Amount bycaught se10  sB421| 906185
Difference 33,390 116.579] 314,731

Rocksole/other flatfish RKC PSC Zone 1 Feb. 16
PSC limit 80,000 475,000 199,333} Halibut PSC Feb. 26
Amount bycaught 132,931 328.845|  195.045iHalibut PSC May 21
Difference _ -52,831 146,155 4.288) Tanner PSC Zone 2 Aug. 8

Turbot/sablefish/arrowtooth Halibut PSC Feb. 11
PSC limit 10,000]Halibut PSC May 1
Amount bycaught [v]
Difference 10,000

Rockfish Halibut PSC Feb. 11
PSC limit 24,917 Halibut PSC May 4
Amount bycaught gg,‘
Difference 24,468

Pacific Cod Halibut PSC April 28
PSC iimit 40,000 175,000 398,667
Amount bycaught 501 150,989 £7.603
Difference 39.499 24,011 331.064

. |Poliock/mackerel/o.species Halibut PSC Feb. 19

PSC limit 40,000 175,000{ 1,146,167|Tanner PSC Zone 2 May 14
Amount bycaught 43,671 493,730] 1,168,602|RKC PSC Zone 1 May 21
Difference -3,671 -318,730 -22,435|Halibut PSC Aug. 25
JOTAL _
PSC limit 200,000/ 1,000,000 3,000,000
Amount bycaught 183713 1031985 2337.884
Difference 16,287 -31,985 662,116

*Data from NMFS 1993 Bering Sea/Aleutian Islands Fisheries Prohibited Species Bycatch
Mortality and NMFS Alaskan Groundfish Fisheries Closures 1986-1994
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Table 6.7 Distribution of red king crab and Tanner crab PSC and actual bycatch by fishery, 1994,

Fishery Group ]Rod King Crall Tanner Tanner Occurrance of
1994 (animals) PSC limit Closurs
Zone1 Zone1 2one2 Date
“fYeliowfin sole Tanner PSC Zone 1 May 6
PSC limit 40,000 1 75,000L 1,275,000{ Halibut PSC July §
Amount bycaught 11,436 245977 895,620 Halibut PSC Nov. 19
Difference 28,564 -70,877 379.380
Rocksole/other fiatfish RKC PSC Zone 1 Feb. 28
PSC limit . . 110,000 475,000 260,000{ Tanner PSC Zone 2 May 7
Amount bycaught . 193,016 366,317 349,477 Halbut PSC July 5
Difterence : -83,016 108.683 -88.477
Turbot/sabiefish/arrowtooth Halibut PSC May 23
PSC limit 5,000
Amount bycaught 80
Difference - 4,940]
Rockiish )
PSC limit 10,000
Amount bycaught
Difference 9,895
Pacific cod lHaﬁbm PSC May 7
PSC limh 10.0004 175,000 200,000
Amount bycaught 88 15.533'
Difference 8.212 96,167 52,654
Pollock/mackerel/o.species Halibut PSC Sept. 6
PSC limit 40,000 175,000] 1 .250,000L
Amount bycaught 38401 61,7501 309,997,
Difference 599 113.241 940,003
JOTAL
PSC limit 200,000| 1,000,000 3,000,000
Amount bycaught 244641) 752886) 1702605
Difference ) -44,641 247,114 1,297,395

* Data from NMFS 1994 Bering Sea/Aleutian Isiands Fisheries Prohibited Species Bycatch
Mortality and NMFS Alaskan Groundfish Fisheries Closures 1986-1994

June 21, 1996

EA/RIR for BSAI Amendment 37 185




Table 6.8  Distribution of red king crab and Tanner crab PSC and actual bycatch by fishery, 1995.

as of August 18, 1995

Fishery Group Red King Crabl Tanner Tanner Occurrance of
1995] (animais) PSC limit closure
Zone 1 Zone 1 Zone 2 Dste

Yellowfin Sole Tanner PSC Zone1 April 4
PSC limit 50,000 225,000] 1,525,000{Halibut PSC May 1
Amount bycaught 5,906 254 488 479,594
Difference S 44,094 -20,488| 1.045,406

Rocksole/other fiatfish Halibut PSC Feb. 21
PSC limit 110,000 475,000 510,000} Halibut PSC April 17
Amount bycaught 20.536 340,151 85,.230)Halibut PSC Aug. 1
Difference 89,464 134,849 414,770

Turbot/sablefish/arrowtooth Halibut PSC May 3
PSC limit 5.000
Amount bycaught ‘ 3.301
Difference 1,689

Rockfish Hafibut PSC March 15

7 PSC limit 10,000
Amount bycaught 1.989
Difference 8.011

Pacific Cod Tanner PSC Zone1 March 20
PSC limit 10,000 225,000 260,000 Halibut April 24
Amount bycaught 2450 217.653 44,924 ‘
Difference 7.550 7.347] 215,076

Pollock/mackerel/o.species Halibut PSC Aug.22
PSC limit 30,000 75,000 690,000
Amount bycaught 845 46,315 1981
Difference 29,155 28,685 688,019

" TOTAL

PSC limit 200,000 1,000,000{ 3,000,000
Amount bycaught 29,737 858.607| 627,019
Difference 170.263 141,393| 2,372,981

“Data from NMFS 1995 Bering Sea/Aleutian Islands Fisheries Prohibited Species Bycatch
Mortality and NMFS 1995 closure notices
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Table 6.9  Catch specifications for the 1996 BSAI groundfish fisheries.

Specles Area BlomassT OFL ABC TAC
Pollock EBS 6,672,000] 1,460,000f 1,190,000 1,190,000
"A" season 45%
"B" season 55%
Al 142,505 47,000 35,600 35,600
?ogoslof 1,100,000 121,000 121,000 1,000
Paclific cod BS/Al 1,640,000 420,000 305,000 270,000
Yellowfin sole BS/AI 2,850,000 342,000 278,000 200,000
Greenland turbot BS/Al 67,000 25,1 00& 10,300 7,000
BS 6,900 4,667
Al 3,400 2,333
Arrowtooth BS/Al 576,000 162,000w 129,000 9,000
Rock sole BS/Al 2,360,000 420,000 361 ,OOOA 70,000
Flathead soie BS/Al 593,000 140,000 116,000 30,000
Other flatfish BS/Al 580,000 120,000 102,000 35,000
Sablefish EBS 14,100 1,200 1,100
Al 12,000 1,3001 1,200
BS/Al 3,300L
POP complex
True POP EBS 44,100 2,860 1,800 1,800
Other POP EBS 28,700 1,400 1,400 1,260
True POP Al 308,000 25,200] 12,100 12,100
Western 6,050 6,050
Central 3,025 3,025
Eastern 3,025 3,025
Sharp/Northern Al 96,800 5,810 5,810 5,229
Short/Rougheye Al 45,600 1,250 1,250 1,125}
Other rockfish EBS 7,100 497 497 4471*
Al 13,600 952 952 8s57|*
Atka mackerel Al 578,000 164,000 116,000 106,157
Western . 55,700 45,857
Central 33,600 33,600
Eastern 26,700 = 26,700
Squid BS/AIl n/a 3,000 3,000 1,000
Other species BS/Al 687,000 137,000 27,600 20,125
|BS/AI TOTAL 18,427,505] 3,602,369] 2,820,809] 2,000,000
EBS = eastern Bering Sea OFL = overfishing level
BS/Al = Bering Sea & Aleutian Isiands ABC = acceptable biological catch
BS = Bering Sea TAC = total aliowable catch :
Al = Aleutian Islands ITAC = recommended TAC less the 15% reserve.

*Note: the Council recommended that shortraker/rougheye and other rockfish be bycatch only for 1996.
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Table 6.10  PSC limits for red king crab in Zone 1, within range proposed under Altemative 3.
Limits based on a percentage of abundance as determined by NMFS trawl survey
index of all sizes. 1995 abundance = 33.9 million crabs in Bristo! Bay.

Crab
Abundance 0.10 0.25 0.50 0.75 1.00
(millions %rate %1ate % 1ate % rate % rate
of crabs) ) .
0 0 0 0 0 0
10 10,000 25,000 50,000 75,000 100,000
20 20,000 50,000 100,000 150,000 200,000
30 30,000 75,000 150,000 225,000 300,000
33.9 33,900 84,750 169,500 254,250 339,000
40 40,000 100,000 200,000 300,000 400,000
50 50,000 125,000 250,000 375,000 500,000
60 60,000 150,000 300,000 450,000 600,000
70 70,000 175,000 350,000 525,000 700,000
80 80,000 200,000 400,000 600,000 800,000
90 90,000 225,000 450,000 675,000 900,000
100 100,000 250,000 500,000 750,000 1,000,000
110 110,000 275,000 550,000 825,000 1,100,000
120 120,000 300,000 600,000 900,000 1,200,000
130 130,000 325,000 650,000 975,000 1,300,000
140 140,000 350,000 700,000 1,050,000 1,400,000
150 150,000 375,000 750,000 1,125,000 1,500,000
160 160,000 400,000 800,000 1,200,000 1,600,000
170 170,000 425,000 850,000 1,275,000 1,700,000
180 180,000 450,000 900,000 1,350,000 1,800,000
190 190,000 475,000 950,000 1,425,000 1,800,000
200 200,000 500,000 1,000,000 1,500,000 2,000,000
210 210,000 525,000 1,050,000 1,575,000 2,100,000
220 220,000 550,000 1,100,000 1,650,000 2,200,000
230 230,000 575,000 1,150,000 1,725,000 2,300,000
240 240,000 600,000 1,200,000 1,800,000 2,400,000
250 250,000 625,000 1,250,000 1,875,000 2,500,000
260 260,000 650,000 1,300,000 1,950,000 2,600,000
270 270,000 675,000 1,350,000 2,025,000 2,700,000
280 280,000 700,000 1,400,000 2,100,000 2,800,000
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Table 6.11 PSC limits for Tanner crab in Zone 1, within range proposed under Altemnative 3.
Limits based on a percentage of abundance as determined by NMFS trawl survey
index of all sizes. 1995 abundance = 189.9 million crabs in the Eastern District.

[Note: assumes that 25% of total limit is apportioned to Zone 1.]

Crab
Abundance 0.10 0.25 0.75 1.00 1.50 2.00
(millions %rate % rate % rate % rate % 1ate % rate
of crabs)
0 0 0 0 0 0 ' 0 .
50 12,500 31,250 93,750 125,000 187,500 250,000
100 25,000 62,500 187,500 250,000 375,000 500,000
150 37,500 93,750 281,250 375,000 562,500 750,000
189.9 47,475 118,688 356,063 474,750 712,125 949,500
200 50,000 125,000 375,000 500,000 750,000 1,000,000
250 62,500 156,250 468,750 © 625,000 937,500 1,250,000
300 75,000 187,500 562,500 750,000 1,125,000 1,500,000
350 87,500 218,750 656,250 875,000 1,312,500 1,750,000
400 100,000 250,000 750,000 1,000,000 1,500,000 2,000,000
450 112,500 281,250 843,750 1,125,000 1,687,500 2,250,000
500 125,000 312,500 937,500 1,250,000 1,875,000 2,500,000
550 137,500 343,750 1,031,250 1,375,000 2,062,500 2,750,000
600 150,000 375,000 1,125,000 1,500,000 2,250,000 3,000,000
650 162,500 406,250 1,218,750 1,625,000 2,437,500 3,250,000
700 175,000 437,500 1,312,500 1,750,000 2,625,000 3,500,000
750 187,500 468,750 1,406,250 1,875,000 2,812,500 3,750,000
800 200,000 500,000 1,500,000 2,000,000 3,000,000 4,000,000
850 212,500 531,250 1,593,750 2,125,000 3,187,500 4,250,000
900 225,000 562,500 1,687,500 2,250,000 3,375,000 4,500,000
950 237,500 593,750 1,781,250 2,375,000 3,562,500 4,750,000
1000 250,000 625,000 1,875,000 2,500,000 3,750,000 5,000,000

EA/RIR for BSAI Amendment 37 189 June 21, 1996




Table 6.12  PSC limits for Tanner crab in Zone 2, within range proposed under Alterative 3.
Limits based on a percentage of abundance as determined by NMFS trawl survey
index of all sizes. 1995 abundance = 189.9 million crabs in the Eastern District.

[Note: assumes that 75% of total limit is apportioned to Zone 2.

Crab
Abundance 0.10 0.25 0.75 1.00 1.50 2.00
(millions % rate % rate % rate % 1ate % rate % rate
of crabs) ) .
0 0 0 0 0 0 0
50 37,500 93,750 281,250 375,000 562,500 750,000
100 75,000 187,500 562,500 750,000 1,125,000 1,500,000
150 112,500 281,250 843,750 1,125,000 1,687,500 2,250,000
189.9 142,425 356,063 1,068,188 1,424,250 2,136,375 2,848,500
200 150,000 375,000 1,125,000 1,500,000 2,250,000 3,000,000
250 187,500 468,750 1,406,250 1,875,000 2,812,500 3,750,000
300 225,000 562,500 1,687,500 2,250,000 3,375,000 4,500,000
350 262,500 656,250 1,968,750 2,625,000 3,937,500 5,250,000
400 300,000 750,000 2,250,000 3,000,000 4,500,000 6,000,000
450 337,500 843,750 2,531,250 3,375,000 5,062,500 6,750,000
500 375,000 937,500 2,812,500 3,750,000 5,625,000 7,500,000
550 412,500 1,031,250 3,093,750 4,125,000 6,187,500 8,250,000
600 450,000 1,125,000 3,375,000 4,500,000 6,750,000 9,000,000
650 487,500 1,218,750 3,656,250 4,875,000 7,312,500 9,750,000
700 525,000 1,312,500 3,937,500 5,250,000 7,875,000 10,500,000
750 562,500 1,406,250 4,218,750 5,625,000 8,437,500 11,250,000
800 600,000 1,500,000 4,500,000 6,000,000 9,000,000 12,000,000
850 637,500 1,593,750 4,781,250 6,375,000 9,562,500 12,750,000
900 675,000 1,687,500 5,062,500 6,750,000 10,125,000 13,500,000
950 712,500 1,781,250 5,343,750 7,125,000 10,687,500 14,250,000
1000 750,000 1,875,000 5,625,000 7,500,000 11,250,000 15,000,000
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Table 6.13 Percentage distribution of eastern Bering Sea Tanner crab (C. bairdi) by various bycatch zones,
averaged over 1993-1995 NMFS surveys. Males > 109 mm and females > 84 mm in carapace width

. are considered mature.
: Males Male Females Female Species
Bycatch zone/area > 109 mm Total > 84 mm Total
Zone 1 / 508 0.9 0.5 0.3 0.1 0.4
Zone 1 / 512 8.2 4.1 4.6 1.3 3.0
Zone 1 / 516 12.9 7.6 6.6 2.1 5.3
Zone 1 / 509 30.3 18.2 29.8 13.9 16.6 .
Zone 1 Total 52.4 30.5 41.3 17.4 25.3
RKC savings Area 7.6 4.4 7.8 3.0 3.7
Savings Area in 516 5.8 3.2 3.7 1.3 2.3
Savings Area in 509 1.8 1.2 4.0 1.8 1.4
Zone ? / 514 1.6 2.3 0.2 - 0.8 1.8
Zone 2 / 513 18.6 15.4 16.0 14.3 14.8
Zone 2 / 517 14.7 21.5 21.9 32.6 26.2
Zone 2 / 521 12.1 28.5 19.9 33.8 30.6
Zone 2 Total 45.4 65.4 57.9 80.7 71.6
Zone ? / 522 0.6 1.8 0.7 1.1 .5
EBS Total 100.0 100.0 100.0 100.0 100.0
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Table 6.14 PSC limits for snow crab in Zone 2, within range proposed under Alternative 3.
Limits based on a percentage of abundance as determined by NMFS trawl survey

index of all sizes. 1995 abundance = 8,655 million crabs in all Districts.

Crab
Abundance 5.00E-03 0.10 0.15 0.20 0.25
(millions % rate % 1ate % rate % rate % rate

of crabs)

0 0 0 0 0 0
500 25,000 500,000 750,000 1,000,000 1,250,000
1000 50,000 1,000,000 1,500,000 2,000,000 2,500,000
1500 75,000 1,500,000 2,250,000 3,000,000 3,750,000
2000 100,000 2,000,000 3,000,000 - 4,000,000 5,000,000
2500 125,000 2,500,000 3,750,000 5,000,000 6,250,000
3000 150,000 3,000,000 4,500,000 6,000,000 7,500,000
3500 175,000 3,500,000 5,250,000 7,000,000 8,750,000
4000 200,000 4,000,000 6,000,000 8,000,000 10,000,000
4500 225,000 4,500,000 6,750,000 9,000,000 11,250,000
5000 250,000 5,000,000 7,500,000 10,000,000 12,500,000
5500 275,000 5,500,000 8,250,000 11,000,000 13,750,000
6000 300,000 6,000,000 9,000,000 12,000,000 15,000,000
6500 325,000 6,500,000 9,750,000 13,000,000 16,250,000
7000 350,000 7,000,000 10,500,000 14,000,000 17,500,000
7500 375,000 7,500,000 11,250,000 15,000,000 18,750,000
8000 400,000 8,000,000 12,000,000 16,000,000 20,000,000
8500 425,000 8,500,000 12,750,000 17,000,000 21,250,000
8655 432,750 8,655,000 12,982,500 17,310,000 21,637,500
9000 450,000 9,000,000 13,500,000 18,000,000 22,500,000
9500 475,000 9,500,000 14,250,000 19,000,000 23,750,000
10000 500,000 - 10,000,000 15,000,000 20,000,000 25,000,000
10500 525,000 10,500,000 15,750,000 21,000,000 26,250,000
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Table 6.15 Crab bycatch in BSAI groundfish fisheries, by zone, as a percent of NMFS survey index of
abundance (all areas and size categories), 1992-1995.

Bering Sea Bycatch as
Zone 1 Survey Index Percent of
Bycatch of Abundance index
|Red King Crab |
1992 131,921 33.90 0.39
1993 184,563 47.50 0.39
1994 244,716 34.00 0.72
1995 35,638 39.90 0.0
Average 92-95 149,210 38.83 0.40
Zone 1 Zone 2
Bering Sea Bycatch as Bycatch as
Zone 1 Zone 2 Survey Index Percent of Percent of
Bycatch Bycatch of Abundance Index Index
|Tanner crab |
1992 1,144,671 2,699,256 438.50 0.26 0.62
1993 1,040,166 2,329,840 254.90 0.41 0.91
1994 765,283 1,736,273 192.00 0.40 0.90
1995 923,088 1,341,894 189.90 0.49 0.71
Average 92-95 968,302 2,026,816 268.83 0.39 0.79
Zone 2
Bering Sea Bycatch as
Zone 2 Survey Index Percent of
Bycatch of Abundance [ndex
[Snow Crab |
1992 11,996,347 7,763.00 0.15
1993 8,922,155 11,704.00 0.08
1994 11,424,057 9,446.00 0.12
1995 4,338,013 8,655.00 0.05
Average 92-95 9,170,143 9,392.00 0.10

Note: Survey indices in million of crabs.
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Table 6.16 Observed trawl bycatch of opilio snow crab
Four year average and percent by

NMFS data.

Source
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bycaught crab in trawl fisheries. Economic data provided

by NMFS.

Table 6.17 Estimate of gross and net values for 1000
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13.0 APPENDICES
Appendix 1: Executive Summary of EA/RIR for Amendment 37, dated August 24, 1995

Results from the 1994 NMFS summer trawl survey indicated that red king crab stocks in the Bristol Bay area
were at continuing low levels, and that the estimated abundance of mature female king crab of 7.5 million
individuals was below the threshold level set in the State of Alaska management plan for king crabs in the
Bering Sea and Aleutian Islands of 8.4 million crab. Because of this low abundance of mature female crab, the
1994 directed fishery for red king crab was closed in Bristol Bay, and the directed fishery for Tanner crab was
closed in Zone 1 east of 163° W. longitude due to bycatch concerns. Because trawl fisheries had experienced
high king crab bycatch, especially in the first months of the rock sole fishery in the same area, the Council took
emergency action to close a designated four block area to trawling for the duration of the emergency order (120
days). During the January 1995 meeting, the Council directed staff to analyze 6 alternatives for closure to
bottom trawling and to present the results for initial Council review at the April Council meeting. The initial
review was presented to the SSC and AP in April, and to the Council in June. Due to the possible economic
impact any closure might have on the rock sole fishery in particular, the Council, AP and SSC all recommended
that the analysis include output from the Bering Sea bycatch model as a means of weighing alternatives in light
of the myriad of existing and potential closures that impact fisheries. This economic analysis had not been
completed for the initial reviews, but has been included in the present document. During the June meeting, the
Council requested that the economic portion of the analysis be presented to the SSC prior to release for public
review.

The six alternatives in addition to status quo are in an area which has experienced high king crab bycatch but
has also sustained a roe fishery for rock sole. The alternatives represent closures of varying size, all with an
castern border along Area 512, permanently closed to all trawling. The alternatives are indicated in (Appendix)
Figure 1. All six alternatives have longitudinal boundaries of 162° West longitude and 164° West longitude
and have northem and southern boundaries as follows:

1) Status Quo - no new closure;

2) Northern boundary of 57° North latitude and southern boundary of 56° 10' North latitude;

3) Northern boundary of 57° North latitude and southern boundary of 56° North latitude;

4) Northern boundary of 57° North latitude and southern boundary of 55° 45 ' North latitude;

35) Northern boundary of 58° North latitude and southern boundary of 56° 10' 4N0rth latitude;

6) Northern boundary of 58° North latitude and southern boundary of 56° North latitude;

7) Northern boundary of 58° North latitude and southern boundary of 55° 45 ' North latitude.

The alternative recommended by the Council during a teleconference in November 1994 was Alternative 4, and
the alternative subsequently enacted by NMFS was Alternative 3. The closure had a dramatic effect on

reductions in king crab bycatch. In 1992, this fishery bycaught approximately 59,000 red king crab, in 1993
the rock sole fishery took 166,154 red king crab and in 1994 the fishery took 216,821 crab. The rock sole

fishery exceeded the red king crab cap in both 1993 and 1994. In 1995 through the month of March, the

rock sole fishery took only 19,000 red king crab. It is unlikely that crab bycatch numbers in the rock sole
fishery will increase substantially in the coming months because red king crab have primarily been taken during
the first few months of the year.
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The success of this closure in protecting red king crab is however diminished by the impacts it had on the rock
sole fishery. Data from the 1995 fishery were unavailable for this document, but since the fishery has had a
high reliance on the closed area for obtaining spawning rock sole for roe, the closure is expected to have had
economic consequences. Whereas the majority (in 1990, 89%; in 1991, 65%; in 1992 95%; in 1993, 90%; and
in 1994 84% of the fishery total Zone 1 bycatch of red king crab) of the red king crab historically taken in the
rock sole fishery were within the area (Alternative 3) designated for emergency closure, this area has also
provided a significant percentage of groundfish catch (in 1990, 40%; in 1991, 28%; in 1992, 54%; in 1993,
50%; and in 1994, 58% of the fishery Zone 1 groundfish catch). The impacts of the closure are made more
significant because of the recent Pribilof Islands closure which had historically been important to the rock sole
fishery as well. r h of the rock sole effort i ibilof
me tim h k sole roe fishery along the Alaska Peni i i W Imnon f th r

In summary, the rock sole fishery has bycaught the majority of red king crab during the January -March fishery
for rock sole roe. The major savings to red king crab are found in Altenative 3 with a southern boundary of
56° North latitude. A subsection of this area between 56° North latitude and 56° 10" North latitude is
productive to the rocksole fishery. In 1990, 15%; in 1991, 13%; in 1992, 35%; in 1993, 26%; and in 1994,
18% of the fishery's Zone 1 groundfish catch came from this area. However, this area has also had high king
crab bycatch rates, and in 1990, 12%; in 1991, 32%; in 1992, 47%; in 1993, 31% and in 1994, 20% of the
Zone 1 bycatch of king crab came from this area.

The bycatch and economic tradeoffs and implications that such a closure will have on various fisheries require
that a model-based economic analysis be performed. The results of the Bering Sea bycatch model are based
on data from two separate years. The results under one data set indicate that some net economic benefits to the
nation occur due to any of the Alternatives selected, and under the other data set indicate that the opposite, or
that some reduction in economic benefits occurs due to the selection of Alternatives. The model predicted that
the rock sole fishery would not be closed prematurely due to red king crab bycatch in Zone 1, but would later
be closed in the Bering Sea due to halibut bycatch. The rock sole fishery was able to take a comparable amount
of rock sole outside of the closure as it had with no closure in place, and red king crab was reduced significantly.
The model based on 1993 data estimated that the reduction in red king crab bycatch and slightly better retention
of rock sole in the rock sole fishery lead to an increase in net economic benefits to the nation of approximately
$3 million, or an increase of approximately 1% over status quo. In contrast, the model based on 1994 data
estimated the increased catch of rock sole and reductions in red king crab bycatch, but also estimated a loss in
net economic benefits to the nation of approximately $6-8 million, or a decrease of approximately 2%-3% over
status quo. Given the accuracy inherent in the data, and in the model procedures, these predicted changes in
net benefits to the nation are probably not great enough to indicate an actual change from status quo. Among
the Alternatives, Alternatives 2 and 3 are very similar with greater king crab savings realized under Alternative
3. The low amount of catch in the additional area represented by Alternatives 5 - 7 made the impacts of these
alternatives difficult to assess as they appear similar to the first three alternatives.

As a caveat, the Bering Sea fishery simulation model uses the most recent information available and attempts
to estimate the changes in catch and bycatch anticipated to occur in the future. However, actual fisheries are
not static but exist in a dynamic state which changes with weather, fish biomass, market conditions,
management actions, and individual expectations among a host of factors. The model utilizes data which, to
some extent, reflects the dynamics of the particular year in which it was collected, in this case 1993 and 1994.
The regimes anticipated to be in place in the near future are then applied to that data. The results of the model
reflect a static state, and are somewhat useful in providing an answer to "what if?". The model is unable to
anticipate any other changes which might happen in the real world.
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Appendix Figure 1.

Location of proposed red king crab savings area in relationship to existing protection zones.
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Appendix 2: Excerpts from the January 1995 Council Meeting: Development of the Alternatives

D-2(b) Crab Bycatch Issues

The Council received a review of recent actions to protect crab stocks and an overview of crab bycatch in the
groundfish, crab and scallop fisheries.

Report of the Scientific and Statistical Committee

Because the impacts of multiple closures are not well evaluated at this time, and because Council harvest objectives may
be precluded, the SSC believes that the cumulative effects of bycatch measures must be analyzed in a comprehensive
manner, looking at costs and benefits of present and proposed fishery restrictions. As a means of initiating the development
of a more comprehensive bycatch amendment, the SSC recommends that the Bering Sea Groundfish and Crab Plan Teams
meet jointly to review available data and alternatives to define amendment objectives. The SSC believes that an industry
working group, representing both crab and groundfish interests, would also be helpful in developing acceptable
alternatives.

Report of the Advisory Panel

The following is a summary of extensive comments and recommendations from the Advisory Panel. The entire set of
recommendations can be found in the AP Minutes, Appendix III to these minutes.

1. The AP recommends that the Council address the current problems resulting from low king and bairdi crab
abundance in a comprehensive way; the AP endorses the SSC recommendations, particularly the recommendation
that the crab and groundfish plan teams meet jointly. The AP requests that the joint plan teams, under the
direction of a Council member, begin to develop a problem statement, objectives and a rebuilding plan for king
and bairdi crab.

2. The AP recommends that the Council initiate analysis for a trawl closure with three options: 56°N 56210"N;
55%45"N. (More parameters for the analysis are found in the full AP Minutes.)

3. The AP recommends additional amendment alternatives for the analysis package developed by the State of Alaska
(see AP Minutes).
4. . The AP recommends that the Council draft a proposal to the Alaska Board of Fisheries repealing the 3-mile trawl

closure in Bristol Bay. The AP believes that the loss of this area, which had few bycatch problems, may have
exacerbated king crab bycatch in other areas of Bristol Bay.

COUNCIL DISCUSSION/ACTION
Wally Pereyra moved to adopt the following AP recommendations:

L That the Council address the current problems resulting from low king and_bairdi crab
abundance in a comprehensive way.

Endorse the SSC recommendations, particularly the recommendation that the erab and groundfish plan
- teams begin meeting jointly, under the direction of a Council member, to develop a problem statement,

objectives and finally a rebuilding plan for king and bairdi crab, with a status report at the April

meeting.

Realizing that the Alaska Board of Fisheries and the State of Alaska are an integral part of crab

management, the AP recommended that the State begin examining:

[Robin Samuelsen suggested that this should read “. . .State continue examining:” because in his opinion the

State is already doing those things identified by the AP]:
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multi-species retention,

. season changes,

c. crab gear modifications and enforcement of current gear restrictions,

d. changing harvest strategies, including harvest of females, size limits, etc., and
e. improved data on all sources of mortality.

o

Recognizing that ecological changes (i.e., oceanic conditions, habitat, predator/prey relationships) as
well as fisheries have impacted crab stocks and that such ecological impacts are not well understood,
it is imperative to the development of an effective rebuilding program that these changes be examined.

An evaluation of the effectiveness of past and present trawl closures in contributing to crab stock
rebuilding should be undertaken.

Individual vessel accountability for bycatch is, as always, a key to the success of bycatch management.

The motion was seconded by Bob Mace and used as a framework motion for revision and amendment before
the final vote.

Regarding the joint meeting of the Crab and Groundfish Plan Teams, it was clarified that they should meet as
soon as practicable, and that the joint meeting is for the purpose of this task, not an ongoing requirement that
they meet jointly.

The last paragraph under Item I, regarding the Alaska Board of Fisheries proposal deadline, was deleted from
the motion by friendly amendment.

II. Initiate analysis of the following options for a trawl closure:
56° 58°N
56° 10"-58N
55° 45" -58°N

[Ron Berg offered a friendly amendment to include the longitudes of 162°W and 164°W as they are in the
current emergency rule. The amendment was accepted. Additionally, Mr. Berg pointed out that for the northern
boundary, the emergency rule is currently 57°N and he wished to amend the motion to include up to 582N.
This was also accepted as a friendly amendment. ]

Using the methodology of the BSAI bycatch simulation model originally developed by Terry Smith after
it has been appropriately updated, the analysis should examine:

1. Bycatch consequences:

a. impact on halibut
b. impact on opilio
c. impact on bairdi

2. Target species impacts:
a. CPUE
b. Catch composition of groundfish (retention)
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3. Effort redistribution impacts on other fisheries

4. Seasonality of the closure

5. Application of the closure on a target fishery specific basis
6. Size and sex of red king crab

7. The analysis should also examine the effects of bycatch rates being calculated on overall
catch versus retained, how the current method of calculating bycatch affects fishing
techniques, strategies, restricts gear modification and achieving caps.

The AP believesa2-year sunset should-beamalyzed—
[Dave Benton recommended that the sunset clause should be deleted in light of earlier discussions on *“sunset
clauses” and timeframes for analysis and implementation. Mr. Pereyra accepted this as a friendly amendment.]

III. Crab bycatch amendment alternatives developed by the State of Alaska as a package for
analysis should also include:

1. analysis of a floating cap with no upward limit,
2. deleting all references to scallop caps,** and
3. change variable caps as follows:

Variable caps indexed between:
red king crab 0.25-1.0%
bairdi 0.25-2.0%
opilio 005-.25%

The AP believes a rigorous analysis of these options is critical.

Mr. Benton wished to clarify that the AP’s recommendation includes analysis of the alternatives proposed by
the State of Alaska, in addition to those listed above. Those items recommended by the State are attached to
these Minutes as Appendix I'V. With reference to item II1.2. above, deletion of reference to scallop caps, the
Council substituted the following:

**2. The analysis will consider two alternatives: (1) including scallop caps, or (2) excluding
scallop caps.

Robin Samuelsen moved to amend to the motion to close all waters east of 1622W and north to 582N to
bottom trawling in the Bering Sea, with the analysis to be prepared for Council review in December.
The motion was seconded.

During discussion, Council members expressed concern that staff time is limited for new analyses. It was
suggested that the joint plan teams, working with Council member Fluharty, could address this in the overall
review of crab rebuilding alternatives. Mr. Samuelsen said that the committee could address it, but he still
wished the Council to take up the closure in December.

The amendment carried, 10 to 1, with Pereyra voting against.
The main motion carried, as revised and amended, without objection.

Mr. Benton pointed out that the State will begin analysis of the alternatives suggested in items II and ITI of the
AP motion because some of these issues cannot be delayed. Other, longer-term aspects of the motion, i.e., those
in item I, will be more appropriately addressed by Dr. Fluharty’s commitiee.
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Appendix 3: History of Season Opening Dates for the BSAI Yellowfin Sole Fishery

SON opening ¢ May 1

In 1991, the season opening date for the BSAI yellowfin sole and "other flatfish" trawl fisheries was delayed
from January 1 to May 1. This was also the opening date for the arrowtooth and Greenland turbot trawl
fisheries. The opening date for the rock sole fishery remained at January 1. The original purpose for delaying
directed fishing for yellowfin sole and other flatfish until May 1 was to prevent the joint venture and domestic
fisheries from taking a disproportionate share of their respective Zone 1 red king crab bycatch allowances
before available amounts of yellowfin sole and other groundfish could be harvested.

This action was taken primarily to reduce the bycatch of crab. It was thought that fishermen would fish in Area
514 with a May 1 opening date. Bycatch in area 514 was much lower than in Zone 1 areas 511 and 516. For
example, data indicated that red king crab and Tanner crab bycatch rates would be reduced by over 90%. Zone
I bycatch rates of 4.069 red king crab and 1.703 Tanner crab would be reduced to 0.085 red king crab and
0.100 Tanner crab by fishing in area 514.

The May 1 date was also thought to be superior in terms of safer working conditions and lower operating costs.
Spring and summer offer better weather and longer daylight than a winter opening. Additionally, fishermen
found that catch rates of flatfish were higher in the second quarter.

son ning ch

Beginning in 1994, the season opening date for the yellowfin sole trawl fishery was moved back to January 20
to account for changes in fisheries and management. Joint venture fisheries no longer operated, and domestic
fisheries had developed new markets for the other flatfish complex (such as other flatfish markets). In addition,
the yellowfin sole and rock sole/other flatfish fisheries were allocated separate PSC allowances which could be
seasonally allocated.

Essentially, domestic fisheries had grown to the point where they no longer could harvest the TAC quota with
a May 1 opening date. Fishermen simply needed more fishing time. For example, in 1991, only 47 percent of
the other flatfish TAC was harvested; this figure dropped to 38% in 1992 and 32% in 1993.

An additional factor that contributed to this change was that vessels were switching back and forth between the
GOA and BSAI to take advantage of the differential opening dates. It was felt that moving the opening date
back to January would reduce the pressure on available halibut bycatch in the GOA, thus diminishing the
likelihood of an early closure of GOA trawl fisheries.
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Appendix 4: History of Groundfish Management Relative to BSAI Crab Stocks

1959 - The Bristol Bay Pot Sanctuary was established. This area remained closed to trawling until 1984, when
implementation of Amendment ! allowed domestic trawling within the area.

1981 - FMP impiemented: Established trawl closure areas for foreign fisheries. Petrel Banks closed January
1-June 30. Territorial Sea (3 to 12 miles) closed January 1 - April 30.

1983 - Amendment 3: Established a bycatch reduction schedule of 25% over 5 years for king and Tanner crab
bycatch in foreign fisheries.

1987 - Amendment 10: PSC zones and limits (Zone 1 = 135,000 red king crab and 80,000 Tanner crab; Zone
2 =326,000 Tanner crab in Zone 2) established for yellowfin sole/other flatfish trawl fisheries. Crab
Protection Area 512 closed to all trawling year-round.

1989 - Amendment 12a: PSC limits established at current levels (Zone 1 = 200,000 red king crab and
1,000,000 Tanner crab; Zone 2 = 3,000,000 Tanner crab in Zone 2) to include all trawl fisheries.
Crab Protection Area 516 closed to all trawling from March 15-June 5.

1991 - Amendment 16: Authorized seasonal apportionment of PSC limits into allowances for specific trawl
fisheries. Established Vessel Incentive Program (VIP), which was designed to reduce PSC bycatch
rates in trawl fisheries. Also in 1991, the season opening date for the BSAI yellowfin sole and "other
flatfish" trawl fisheries was delayed from January 1 to May 1 by regulatory amendment.

1992 - Amendment 19: Revised time/area (hotspot) authority to reduce PSC bycatch. Amendment also
expanded VIP program to cover all trawl fisheries.

1995 - Amendment 21a: No trawling allowed in Pribilof Islands Habitat Conservation Area.

1995 - Emergency Rule: Prohibited non-pelagic trawling in Bristol Bay Red King Crab Savings Area from
January 20 through April 19, 1995.

1995 - In September, Council adopted Amendment 37 with preferred altemative to prohibit non-pelagic
trawling in Bristol Bay Red King Crab Savings Area from January 1 through March 31.

1996 - Inseason Management Action: Prohibited all trawlihg in Bristol Bay Red King Crab Savings Area
from January 20 through March 31.

1996 - Inseason Management Action: Extended inseason action to prohibit all trawling in Bristol Bay Red
King Crab Savings Area from March 31 - June 15.

EA/RIR for BSAI Amendment 37 205 June 21, 1996




Appendix 5: Status of Alaska King and Tanner Crab Stocks and Trawl Closure Areas

In January 1995, the Council's Advisory Panel requested that an evaluation of the effectiveness of past and
present trawl closures in contributing to crab stock rebuilding be undertaken. This appendix provides
information on the status of Alaska's king and Tanner crab stocks and the presence or absence of trawl closure
areas.

King and Tanner crab stocks in Alaska are in poor shape; of the 28 stocks, all but 5 are classified as in a
depressed condition (Appendix Table 5.1). About one-half of these stocks no longer support active fisheries.
Those stocks that do support fisheries generally have much reduced landings compared to earlier years.
Additionally, for stocks where trends are able to be estimated, all stocks except Norton Sound red king crab
are considered stable or declining. Red king crab stocks in the Gulf of Alaska are particularly poor condition.
For example, the 1995 population estimate in Kodiak is 27,000 red king crabs, or about 2% of the population
observed in the early 1980's (Jackson 1996). Along the south side of the Alaska Peninsula, the red king crab
stock has declined to the point where only 96 red king crabs were captured in 155 hauls during the 1994 trawl
survey (all but 4 crab were taken in Cold Bay) (Urban 1996). Red king crab stocks in Cook Inlet and Prince
William Sound are also at extremely low levels (A. Kimker, ADF&G, personal communication). Jackson
(1996) concluded that red king crab stocks in the Gulf of Alaska will only rebound when oceanographic
conditions become favorable for recruitment.

Most trawl closure areas were implemented after crab stocks have collapsed, and the potential benefits of these
closures have not yet materialized. State waters have been closed to trawling in most areas. Trawling has been
restricted or prohibited in the bays and inside waters of Southeast Alaska, Prince William Sound, and Cook Inlet
as well as much of the coast out to 3 nautical miles. Over 20,000 square nautical miles of waters in the EEZ
off Alaska have been closed to protect crab resources (Appendix Figure 5.1). Crab stocks in the major EEZ
closure areas of Kodiak, Bristol Bay, and Pribilof Islands remain in depressed condition. These closure areas,
and affect on crab rebuilding are discussed below.

Kodiak Island: Trawl closure areas were implemented around Kodiak Island in 1987 under Amendment 15 to
the GOA Groundfish FMP. Three types of areas are closed to non-pelagic trawl gear (Appendix Figure 5.2).
Type 1 areas have high concentrations of red king crab and are closed year-round to promote stock rebuilding.
Type 2 areas have lower crab abundance and are closed seasonally from February 15 to June 15 to protect
molting king crab. Type 3 areas close seasonally or year-round if female red king crab increase to threshold
levels. The Type 1 and 2 areas encompass 80-90% of the female stock distribution. Since implementation
of these closure areas, the king crab stock has further declined to historically low levels.

Bristol Bay: Trawl closure areas were first implemented in Bristol Bay in 1959. This trawl closure zone
(termed the Bristol Bay Pot Sanctuary) was established mainly to prevent conflicts between mobile gear and
concentrations of crab pots. The areas boundaries were modified several times, but large portions remained
closed until 1984, when Amendment 1 allowed year-round domestic trawling within the Pot Sanctuary. The
eastern portion of the Pot Sanctuary (Area 512) was again closed to trawling in 1987, and was further
expanded in 1989. These trawl closures did not prevent stock collapses of red king crab which occurred in 1981
and 1994.

Pribilof Islands: The Pribilof Islands red king crab and blue king crab stocks have increased slightly since
1986. From 1987 to 1993, the fishery for king crab was closed. The apparent increase in king crab abundance
since 1986 cannot be attributable to the Pribilof Islands Habitat Conservation Area, as this trawl closure area
was not established until 1995.
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Appendix Figure 5.1
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Appendix 6: Board of Fisheries Actions on BSAI Crab Managment, March 1996

At their March 1996 meeting, the Alaska Board of Fisheries (BOF) made policy decisions that affect the
conservation and management of king and Tanner crab stocks in the Bering Sea and Aleutian Islands area. A
brief summary of these actions is provided below.

The BOF adopted anew harvest strategy for antol Bay red kmg urab The strategy chosen balances short-
term economic gains from the fishery against risks to the long-term maintenance and productivity of the stock.
In adopting the new harvest strategy, the Board considered the stocks ability to rebuild the stock to a productive
level since its abundance is presently depressed. To evaluate the current harvest strategy against alternative
strategies, ADF&G developed a new method to estimate the population abundance based on the best available
information, and two models were constructed to simulate the population over time (Zheng et al. 1996).
Performance of the current harvest strategy, a suite of long-term harvest strategies and a rebuilding strategy
were evaluated relative to their effectiveness in meeting the constraints and achieving the benefits that serve as
guidelines in the Board of Fisheries policy on king and Tanner crab resource management. Results of the
modeling efforts indicate:

(1) the current threshold should be maintained at 8.4 million mature females which equates to an
effective spawning biomass of 14.5 million pounds with the additional constraint that both
number of mature female crabs and weight of effective spawners define threshold;

(2) the mature male harvest rate should be lowered from 20% to 10% when the population is
above threshold and when effective spawning biomass is below 55 million pounds and to 15%
when the population is above threshold and the effective spawning biomass is at or above 55
million pounds; and

(3) the maximum harvest rate on legal-sized male crabs should be lowered from 60% to 50%.

The BOF adopted these three points as the new policy for management of the Bristol Bay red king crab fishery.
The threshold minimizes the risks of irreversible effects on reproductive potential. Reducing the mature male
harvest rate to 10% at low stock sizes provides for fishing opportunity while promoting stock rebuilding. Once
the stock .is rebuilt reducing the mature harvest rate to 15% and reducing the maximum legal harvest rate to
50% provides for relatively high yield, greater stability in yield, fewer fishery closures, and healthier stocks over
the long-term.

Gear Restrictions for BSAI Crab Fisheries

The BOF adopted regulations to require escape rings in pots to reduce the capture and handling mortality of
non-target crab. A minimum of 4 escape rings per pot will be required, each ring meeting a minimum diameter
for specified BSAI fisheries. Minimum escape ring diameters are 5.5" for brown king crab fisheries, 5.0" for
the bairdi fishery, and 3.75" for opilio fishery. In addition, only longline pots will be allowed in the
Adak/Dutch Harbor brown king crab fishery.

r men S
The Board also made changes to the way fisheries are managed. Although many of these measures do not
impact rebuilding efforts, they do affect fishermen as well as how fisheries are conducted. Changes were made
in the registration areas (Adak and Dutch Harbor brown king crab area combined), seasons (Adak/Dutch brown
king crab fishery to open September 1), tank inspection and delivery times, pot storage time and area (35 f
around Pribilof Islands 14 days before and after snow crab fishery), as well as adjustments to the State observer
program.
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Appendix 7: Management of Red King Crab Fisheries and Crab Bycatch in Russia

Large stocks of red king crab are found in Russian waters, and these stocks have provided large yields since
the 1920's. A summary of Russian red king crab stock status and management measures provides some insight
for managers of other stocks and fisheries.

There are two major stocks of red king crab in the Okotsk Sea: the West Kamchatka and the Ayano-Shantarskiy
stock. The West Kamchatka stock is the largest red king crab stock in the world (Rodin 1989), and has
provided the bulk of landings from Russian waters. Data supplied in public testimony by Gordon Blue (F/V
Zolotoi) indicated that landings from the West Kamchatka stock have undergone two major cycles since 1924,
when data were first reported (Appendix Figure 7.1). Landings first peaked in 1929 during the fishing up
period, when 32.4 million crabs were landed. High landings were maintained through the 1930's, then dropped
off with the advent of WWIL Apparently, during the war, very little fishing effort was expended, and landings
remained under 3 million animals until 1949. During the 1950's and 1960's, landings were sustained at over
20 million red king crab. Reduced landings, ranging from 7.0 to 14.0 million animals were taken during the
1970's and early 1980's. Average size of crab landed ranged from 1.2 to 2.0 kg (about 2.5-4.5 pounds per
crab).

Our knowledge of current management strategies for red king crab fisheries in Russian waters is derived from
information supplied by Russian scientists to Gordon Blue (F/V Zolotoi), and Rodin (1989). Overall harvest
is limited by catch quotas. Management measures include restrictions on size, sex, and season. Only males
over 13 cm (5.1 inches) carapace width are legally harvested, and seasons are established to avoid the molting
period. Only pots are allowed in the directed crab fishery, although incidental catch (and possibly retention)
of crab is apparently allowed in longline and trawl fisheries, as long as the crab catch doesn't exceed 2% of
allowed finfish catch. Extensive trawl closure areas have been established in areas of adult and juvenile
concentrations and migration routes for juveniles and spawners in the West Kamchatka region (Rodin 1989).
Appendix Figure 7,2 illustrates the distribution of West Kamchatka red king crab at various life stages and
Appendix Figure 7.3 shows the location of trawl closure areas in this region.
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Appendix Figure 7.1 Landings of red king crab from West Kamchatka, 1924-1992.

Source: FAO Statistical Yearbook; Gordon Blue, testimony to
the NPFMC, September 1995.
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APPENDIX 8: The Bering Sea Bycatch Model

Alaska Fishery Research Bulletin 2(1):83-86. 1995.
Copyright © 1995 by the Alaska Department of Fish and Game

Forun

RESEARCH ADVANCE

Bering Sea Fishery Simulation Model

The Bering Sea fishery simulation model was
developed as a quantitative means for estimating
the impacts of management actions contemplated by
the North Pacific Fishery Management Council (Coun-
cil). The model uses the most recent information avail-
able and attempts to estimate resulting future changes
in catch and bycatch. Actual fisheries, however, are
not static but exist in a dynamic state that changes with
weather, fish biomass, market conditions, management
actions, and individual expectations along with a host
of other factors. The model uses data, which to some
extent, reflect the unique dynamics of each particular

" year. The regimes anticipated to be in place in the near
future are then applied to that data, and the results,
which reflect a static state, can help provide an an-
swer to “what if?” Of course, other non-modeled, real-
world variables can greatly alter results projected by
the model.

Amendments to fishery management plans (FMPs)
require an estimation of net benefits to the nation that
might result from the proposed amendments. Thus,
the economic impacts of alternatives to the status quo
must be included as a section of Environmental
Assessment/Regulatory Impact Review documents
that amend the FMPs. A fishery simulation model de-
veloped by T. Smith’ has been used to perform these
analyses. This Bering Sea fishery simulation mode]
estimates changes in catch and bycatch resulting from
alternative management actions, accrues the value of
the catch, and subtracts the value of the bycatch to
arrive at an estimate of the total net benefit to the
nation,

Funk (1990) converted the original spreadsheet
model to a SAS? program to estimate benefits or costs
resulting from proposed Bering Sea groundfish trawl
closures that would protect Pacific herring Clupea
pallasi. This program was later modified and used by
the Alaska Department of Fish and Game to make
quantitative estimates of the likely consequences re-
sulting from proposed alternatives for chinook salmon
Oncorhynchus tshawytscha bycatch in Amendment

' National Marine Fisheries Service. Northeast Science
Center, 166 Water Street, Woods Hole. MA 02543-1097.
* Mention of a trade name does not imply endorsement by the
author or the Alaska Department of Fish and Game.
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21b (NPFMC 1994a). The Bering Sea fishery sim-
ulation model, as modified, was also used to analyze
options in the Pribilof Islands groundfish trawl clo-
sure, Amendment 21a (NPFMC 1994b), and in amend-
ments pertaining to Pacific halibut Hippoglossus
stenolepis bycatch allocations and Inshore/Offshore
allocations.

The Bering Sea fishery simulation model was last
used in 1992 (preliminary analyses for Amendments
21a and 21b) with data from 1990 and 1991. A curremt
proposal under consideration would close a portion of
Bristol Bay to groundfish trawling to protect red king
crab Paralithodes camischaticus stocks, The recom-
mended economic analysis by the simulation model,
however, required further model changes because data
through 1994 are now available and numerous regula-
tory changes have occurred since 1992. To provide
the necessary changes and to make the model more
user-friendly, the model was con verted into a database-
oriented model using Borland’s Paradox> database pro-
gram and object-oriented programming. The SAS
format was very complex and used multidimensional
arrays to track catch and bycatch. In addition. the
iterative processes in that model were difficult to
decipher. The database format, on the other hand.
performs data queries much more easily, and the
object-oriented framework allows compartmentaliza-
tion of the routines and thus easier tracking through
each model subprocess.

A baseline model run was conducted in both the
SAS version and the new Paradox version using the
same data and same mode] assumptions used in 1992,
The new model results were essentially identical (< %
greater) to the old model results, except that the new
model provided about 5% more directed catch of mid-
water trawl walleye pollock Theragra chalcogramma
and a bycatch composed of about 54 fewer red king
crab, 16% more Pacific herring, and 6% more chinook
salmon. Groundfish catches varied little between mod-
els, but some of the bycatch estimates varied 10 a
greater degree because of slight differences in the
computational algorithm which assigns closure dates,
and because bycatch is harvest rate-driven.

The Paradox model was then updated with cur-
rent fisheries regulations. Regulatory changes incor-
porated in the new model include: ( 1) the formation
of the Catcher Vessel Operational Area (CVOA) where
fishing by only the shoreside processing fleet is
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allowed during specific times of the year; (2) designa-
tion of portions of the fleet as offshore or inshore and
the assignment of a walleye pollock quota to these
fisheries; (3) creation of the Pribilof Islands habitat
savings area that prohibits trawling near the Pribilof
Islands; (4) creation of the chum salmon O. kera
savings area that prohibits trawling in an area near
Unimak Island during August or after a cap of 42,000
fish has been reached; (5) changes in the identifica-
tion numbers of statistical areas; (6) the adoption of
small areas for closure to protect chinook salmon after
a cap of 48,000 fish has been reached; (7) changes in
the seasonal allocations of walleye pollock, Pacific
halibut, and other species to different fisheries;
(8) changes in the apportionment of the total allow-
able catch (TAC) of Pacific cod Gadus macrocephalus
to the jig, longline/pot, and trawl fisheries; and
(9) changes in fishery opening dates and areas desig-
nated for closure.

The structure of the data has also changed signifi-
cantly since the model was last used. Previously, catch
and bycatch data, strictly from processor reports, were
summarized by fishery, month, and statistical area.
Additional haul-by-haul observer data were summa-
rized to the nearest block (1/2° latitude by 1° longi-
tude). The means of processing raw data has changed
to a method that combines processor and observer data
to estimate catch and bycatch values. These data are
now summarized for the model by week instead of by
month. In addition, because several of the previously

or newly defined areas do not conform to blocks (e.g.,

irregularly shaped or smaller than blocks), the forma-
tion of non-block areas is possible from haul-by-haul
observer data for which location is known to the nearest
minute of latitude and longitude.

The model essentially takes the data from a previ-
ous year and applies the current and proposed man-
agement regimes. The differences in results between
the current regime (status quo) and the proposed
regimes estimate the magnitude of the positive or nega-
tive impacts of the proposed alternatives.

The data for each fishery, area, and week of the
year include the estimated total (all groundfish species)
catch (both retained and discarded), total retained
catch, wholesale value, retained and discarded catch
by groundfish species, and estimated bycatch of
halibut, herring, chinook salmon, other salmon (mostly
chum salmon), Tanner crab Chionoecetes bairdi, and
red king crab. Target fisheries are defined according
to the predominate groundfish species in the catch;
however, the catch of each groundfish species is
tracked regardless of the directed fishery from which
it came. The model compares the accumulated weekly
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species catch and bycatch to the TAC of groundfish or
to the prohibited species cap (PSC) of bycatch and
closes the appropriate fisheries that have exceeded
these limits. Catch from closed areas is apportioned
to open areas within a target fishery in proportion to
the catch within each of the open areas. The various
areas defined in the model include National Marine
Fisheries Service 3-digit statistical areas, closures
defined through the Council process (e.g., Zone 1,
which includes several 3-digit statistical areas), and
subportions of areas that either result from the over-
lapping of different areas (e.g., the overlapping of Area
517 with the crab bycatch Zone 1) or from the forma-
tion of new areas proposed for closure.

The basic steps for each weekly iteration of the
model are generally as follows (Figure 1): (1) select
data from the main data set for the week in question,
(2) determine if the cumulative catch or bycatch to
date would close any of the fishery-area combinations
based on TACs or PSCs and close the areas if criteria
are met, (3) calculate the catch and bycatch from open
areas and closed areas separately, (4) calculate the ratio
of catch in closed areas to catch in open areas (fore-
gone catch ratio), (5) add the catch and bycatch from
open areas to the cumulative catch and bycatch, and
(6) multiply the catch and bycatch from open areas by
the foregone catch ratio and add this amount to the
cumulative catch and bycatch from open areas.

The various interrelated rules and groupings under
the current management scenario create a very com-
plex pattern to integrate into the model. For example,
attainment of aTAC for a species will close the directed
fishery for that species, but the amount that is compared
against the TAC is the total retained and discarded
species catch across all target fisheries. Similarly, the
bycatch of a species can be accumulated under several
fisheries, yet the resultant PSC closure might only
affect a subset of the fisheries contributing to the by-
catch.

The ability of the Bering Sea fishery simulation
model to accurately predict the effects of alternative
bycatch management measures is severely limited for
the reasons listed below.

1. As was discussed in Amendment 21b, there are
several limitations in the model’s ability to predict
the effects of alternative bycatch management
measures. The model is based on catch and bycatch
data collected up to the current year and contains
management, regulatory, and participatory actions
that may have occurred in each year.

2. Temporal and spatial variability of bycatch rates
introduce large amounts of uncertainty in an analy-
sis of the effects of alternatives on bycatch, and
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catch estimates are likewise affected by the uncer-
tainty about future TACs and their distribution
among fisheries, times, and areas.

. Variability in product prices, product recovery
rates, discard rates, and other factors that deter-
mine the gross and net value per unit of ground-
fish catch result in large amounts of uncertainty
with respect to the estimates of economic perfor-
mance.

Variability of factors that determine impact costs
per unit of bycatch provoke uncertainty about by-
catch-related costs associated with each set of
bycatch-management measures.

. The use of historical catch data to predict the dis-
tribution of future catch by time and area means
that there are no data from areas and times that
were closed. As a result, the model is less useful
when evaluating the results of constraint removal.
For data that are relatively homogenous across
years, the model provides a reasonable simulation
of what might be expected to occur in future years.
However, for data such as annual bycatch levels,
for which there is a high degree of variability across
years, the model may not accurately predict future
conditions. Movement of effort into areas that were
not heavily fished for a given target species will
not be accurately predicted by the model.

. The model redistributes effort and catch of a fish-
ery among areas in response to bycatch-induced
closures, but it does not redistribute catch among
fisheries.

. The model does not estimate the change in ground-
fish harvesting costs that would occur when a by-
catch-induced time and/or area closure redistrib-
utes effort and catch among areas. But if it is
assumed that the fleets choose to fish in the most
profitable areas. the redistribution caused by the
closures would tend to increase harvesting costs.
Therefore, the model tends to understate reductions
in the net value of the groundfish catch associated
with increasingly restrictive PSC limits or area
closures.

. Sensitivity of the model to conditions contained in
the data from historical management actions
suggests that only data from the most recent years
should be used because of the myriad of changes
that occur each year.

. The model uses only commercial product whole-
sale values from the directed salmon, halibut, her-
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ring, and crab fisheries for calculating the total by-
catch value per species. This can lead to an
underestimated value of bycatch to non-ground-
fish harvesters, given the unstated values for the
recreational and subsistence fisheries that also uti-
lize these species.

10. Among the costs that are not included in the model
analysis are the unknown costs of any threats to
conservation of a resource that may occur as a re-
sult of bycatch. For instance, the biological value
of “saved” female crabs, as contributors to the -
stock, are not included. The economic estimates
provided by the model will be conservative in the

face of resource endangerment.

- LITERATURE CITED

' Funk, F. 1990. User’s guide to the Bering Sea bycatch simula-

tion model. Alaska Department of Fish and Game, Divi-
sion of Commercial Fisheries unpublished report. Juneau.

NPEMC (North Pacific Fishery Management Council). 1994a.
Environmental assessment/regulatory impact review/initial
regulatory flexibility analysis forAmendment 21b. chinook
saimon bycatch management. to the Fishery Management
Plan for the groundfish fishery of the Bering Sea and
Aleutian Islands area. Draft for Public Review. December
1994, Anchorage, Alaska.

NPFMC (North Pacific Fishery Management Council). 1994b.
Environmental assessment/regulatory impact review for
Amendment 21a (revised) to the Fishery Management Plan
for the groundfish fishery of the Bering Sea and Aleutian
Islands. Draft for Secretarial Review. September 1994,
Anchorage, Alaska.

David Ackley

Biomerrician. Commercial Fisheries Management and
Development Division, the Alaska Depariment of Fish
and Game

June 21, 1996




Appendix 9: Location of highest CPUE in the Yellowfin Sole Fishery

At the request of the Council’s Advisory Panel (AP), the 1/2° latitude by 1° longitude blocks with the highest
catch per unit effort (CPUE) in the yellowfin sole fishery by month and year were identified. NMFS observer
data at the individual haul level were used to determine highest CPUE blocks. The average catch per tow within
each block for a given month and year was calculated and the resulting highest blocks are indicated in Appendix

Figures 9.1 -9.7.

Because blocks with a few hauls frequently were ranked as having the highest average catch per tow and may
not be indicative of the fishing patterns of the yellowfin sole fleet, the highest CPUE blocks were chosen only
if at least 10 hauls were included in calculating the average. If the average catch per tow of a given block was
similar to that of the block with the highest catch per tow (e.g. within three tons), that block has been indicated
in Appendix Figures 9.1 - 9.7 as well. The blocks with the highest number of tows in each month are

provided in Appendix Figures 9.8 - 9.14 for comparison.

In 1987, the blocks with the highest effort (Appendix Figure 9.8) corresponded to the blocks with the highest
CPUE (Appendix Figure 9.1 ), and were located in the vicinity of the Red King Crab Savings Area during the
months of February through April, and located in the vicinity of Cape Constantine in May and June. The
pattern was similar in 1988 for the first six months of the year, however, even though in the same general area,
the blocks with the highest catch per tow (Appendix Figure 9.2) did not always correspond to the blocks with
the highest number of tows (Appendix Figure 9.9). For instance, the block which includes Kulukak Bay (north
of Cape Constantine) had the highest number of tows in May of 1988, but the highest CPUE blocks were in
Togiak Bay and to the south of 58°. In the second half of 1988, the blocks with the highest average catch per
tow and the highest number of tows were distributed along the shelf east and north of the Pribilof Islands, as
was the case in 1989. Note that there was no fishing activity for Yellowfin sole in May and June of 1989, and
thus the high number of tow blocks do not appear in northern Bristol Bay in 1989 (Appendix Figures 9.3 and
9.10).

In the 1991 domestic fishery for Yellowfin sole, there was correspondence between the blocks with the highest
number of tows and highest average catch per tow in only one block in one month (Appendix Figures 9.4 and
9.11). In June, the block which includes Kulukak Bay had both the highest number of tows and was one of three
blocks with the highest average catch per tow for June. The blocks with the highest catch per tow were to the
south and east of the block with the highest number of tows in May. Otherwise there was little correspondence
between the blocks with the highest number of tows and those with the highest average catch per tow, especially
in July and August where the block with the highest number of tows was near Cape Constantine, but where the
blocks with the highest average catch per tow were located between the Pribilof Islands and Nelson Island.

Similarly, the data from 1992 - 1994 indicated that the blocks with the greatest number of observed tows in
May and June were in the vicinity of Kulukak Bay and Cape Constantine, but the blocks with the highest
average catch per tow were to the north and east of the Pribilof Islands or in the vicinity of Nelson Island
(Appendix Figures 9.5-9.7 and 9.12-9.14). Although the blocks with the highest catch per tow were located
near Nelson Island in May and June of 1993 and 1994, this area can produce high halibut bycatch in some
years, and may be less desirable to the fleet for that reason.

In many months, the blocks with the highest number of tows for yellowfin sole do not correspond to the blocks
with the highest average catch per tow. This could be due to the gradual decline in CPUE in an area due to
fishing or fish movement over time, and the decisions by the fleet of when to move based on CPUE. Fleet
decisions are also influenced by costs of movement, expectations or reports of catch elsewhere, and bycatch
concerns among a host of factors.
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Appendix Figure 9.1. Yellowfin sole blocks with highest average catch per tow by month - 1987.
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Appendix Figure 9.3. Yellowfin sole blocks with highest average catch per tow by month - 1989.
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Appendix Figure 9.4. Yellowfin sole blocks with highest average catch per tow by month - 1991.
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Appendix Figure 9.6. Yellowfin sole blocks with highest average catch per tow by month - 1993,

unrkew EZ4 % g
ey RN -
unp =3 NS e
csq [T .
Bny [ w2

e

€661 - yjuow Aq moj sed yajes ebeiaae Jsaybiy _=_z_,_ S)90]q 8]0S ULMO||9A

June 21, 1996

224

EA/RIR for BSAI Amendment 37




Appendix Figure 9.7. Yellowfin sole blocks with highest average catch per tow by month - 1994.
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Appendix Figure 9.8. Yellowfin sole blocks with highest number of tows by month - 1987.
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Appendix Figure 9.9. Yellowfin sole blocks with highest number of tows by month - 1988.
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Appendix Figure 9.10 Yellowfin sole blocks with highest number of tows by month - 1989.
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Appendix Figure 9.11 Yellowfin sole blocks with highest number of tows by month - 1991.
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Appendix Figure 9.12 Yellowfin sole blocks with highest number of tows by month - 1992.

v D <
i »: e
100 BN W 2Ty
== P . Y .
Z . -
¥ . -
(Y
G.
'y ) ‘
-a-_n
. e
Ve

o g

2661 - yyuow Aq smoj} jo Jaquinu 3seybiy E_B_ $)20]q 9]0S UIJMO||B A

June 21, 1996

230

EA/RIR for BSAI Amendment 37




Appendix Figure 9.13 Yellowfin sole blocks with highest number of tows by month - 1993,
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Appendix 10: Additional Plots of Fishing Effort and Bycatch in the Northern Bristol Bay Area.
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Effort distribution in the 1988 JV yellowfin sole fishery.

Map showing location of king crab bycatch (2.5 crab/mt) in the 1988 JV yellowfin
sole fishery.

Map showing location of Tanner crab bycatch (> 50 Tanner crab) in the 1988 JV
yellowfin sole fishery.

Map showing location of halibut bycatch in the 1988 JV yellowfin sole fishery (hauls
with over 100 halibut).

Map showing location of halibut bycatch in the 1988 JV yellowfin sole fishery (>30
kg halibut per metric ton of groundfish).

Map showing location of king crab bycatch (2.5 crab/mt) in the 1993 flatfish
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Map showing location of Tanner crab bycatch (> 50 Tanner crab) in the 1993 flatfish
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Map showing location of halibut bycatch in the 1993 flatfish fisheries (hauls with
over 100 halibut).
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Map showing location of chinook salmon bycatch in the 1993 flatfish fisheries (hauls
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Map showing location of king crab bycatch (2.5 crab/mt) in the 1994 flatfish
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Map showing location of Tanner crab bycatch (> 50 Tanner crab) in the 1994 flatfish
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Appendix Figure 10.1. Effort distribution in the 1988 JV yellowfin sole fishery.
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bycatch in the 1988 JV yellowfin sole fishery (hauls

with over 100 halibut).
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Appendix Figure 104. Map showing location of halibut
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Appendix Figure 10.6. Map showing location of king crab bycatch (2.5 crab/mt) in the 1993 flatfish fisheries.
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Appendix Figure 10.7. Map showing location of Tanner crab bycatch (> 50 Tanner crab) in the 1993 flatfish
fisheries.
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Figure 10.10. Map showin, i ;
g location of chinook salmon b i .
with atleast 1 chinook salmon), o e 1993 fltfsh fisheries (hauls
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Appendix Figure 10.11. Map showing location of king crab bycatch (2.5 crab/mt) in the 1994 flatfish fisheries.
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bycatch (> 50 Tanner crab) in the 1994 flatfish

fisheries.

Appendix Figure 10.12. Map showing location of Tanner crab
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Appendix Figure 10.13. Map showing location of halibut bycatch in the 1994 flatfish fisheries
100 halibut).
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Appendix Figure 10.14. Map showing location of halibut bycatch in the 1994 flatfish fisheries

per metric ton of groundfish).
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Appendix 11: Additional Data and Model Results for Analysis of Management Measure 3

List of Tables
Table A-1 Groundfish catch of all species by fishery and alternative - 1993 and 1994 data.

Table A-2 Total wholesale value of retained species catch and total retained species catch as
estimated by the Bering Sea fishery simulation model by fishery and altemative
(1993 and 1994 data sets).

Table A-3 Total prohibited species catch (PSC) as estimated by the Bering Sea fishery
simulation model across fisheries and alternatives (1993 data).

Table A-4 Total prohibited species catch (PSC) as estimated by the Bering Sea fishery
simulation model across fisheries and alternatives (1994 data).

Table A-5 Total catch by species and TAC type from all fisheries by Alternative - 1993 and
1994 data sets.

Table A-6 Bering Sea fishery simulation model prediction of cumulative target species catch by
week under Status Quo (1993 data set).

Table A-7 Bering Sea fishery simulation model prediction of cumulative target species catch by
week under Alternative 2 (1993 data set).

Table A-8 Bering Sea fishery simulation model prediction of cumulative target species catch by
week under Alternative 3 (1993 data set).

Table A-9 Bering Sea fishery simulation model prediction of cumulative target species catch by
week under Status Quo (1994 data set).

Table A-10 Bering Sea fishery simulation model prediction of cumulative target species catch by
week under Alternative 2 (1994 data set).

Table A-11 Bering Sea fishery simulation model prediction of cumulative target species catch by
week under Alternative 3 (1994 data set). ‘

Table A-12 Bering Sea fishery simulation model prediction of cumulative prohibited species
bycatch by week under Status Quo (1993 data set).

Table A-13 Bering Sea fishery simulation model prediction of cumulative prohibited species
bycatch by week under Altemnative 2 (1993 data set).

Table A-14 Bering Sea fishery simulation model prediction of cumulative prohibited species
bycatch by week under Altemative 3 (1993 data set).

Table A-15 Bering Sea fishery simulation model prediction of cumulative prohibited species
bycatch by week under Status Quo (1994 data set).
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Table A-16 Bering Sea fishery simulation model prediction of cumulative prohibited species
bycatch by week under Alternative 2 (1994 data set).

Table A-17 Bering Sea fishery simulation model prediction of cumulative prohibited species
bycatch by week under Altemnative 3 (1994 data set).

Table A-18 Chronology of closures, affected fisheries and reason for closure (MWPO = midwater
pollock outside; FSAB = fixed gear sablefish; BPOO = Bottom trawl pollock
outside; BPOI = Bottom trawl pollock inside). 1993 data set.

Table A-19 Chronology of closures, affected fisheries and reason for closure (MWPO = midwater
pollock outside; FSAB = fixed gear sablefish; BPOO = Bottom trawl pollock
outside; BPOI = Bottom trawl pollock inside). 1994 data set.
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Table A-1 Groundfish catch of all species by fishery and Alternative - 1993 and 1993 data.

1893 Data 1994 Data
Total Groundfish catch Total Groundfish catch
Fishery Target Tac Type Status Quo Alt. 2 Alt. 3 Fishery Target Tac Type StatusQuo Ait.2 Alt. 3
ARRW ARRW BS/Al v} 0 [¢] ARRW ARRW BS/Al 4] 0 0
ATKA ATKA BS [o] [ 0 ATKA ATKA BS 0 0 0
ATKA ATKA Cent Al 52045.68 52045.68 52045.68 ATKA ATKA Cent Al 52725.9479 52725.95 52725.95
. ATKA ATKA W.AI 281059 2810.59 2810.59 ATKA ATKA W.AI 13904.0221 13904.02 13904.02
8PO! POLI BS 13025.35499 13025.35 13025.35 BPOI POLI BS 248.71 248.71 248.71
BPOI POLI Al 0 [¢] 0 8POI POLI Al 0 0 0
BPO! POLL! Bog 0 0 - o] BPOI POL! Bog 0 0 0
BPOO POLO BS 112796.9169 112796.9 112796.9 BPOO POLO BS 35941.9271 35941.93 35941.93
BPOO POLO Al 0 0 0 . BPOO POLO Al 0 0 ‘0
BPOO POLO Bog 0 0 0 BPOO POLO Bog 0 0 0
FCOD PCOD BS 80065.04 80065.04 80065.04 FCOD PCOD BS 111011.76 111011.8 1110118
FLAT FLAT BS/Al 25854.08 25854.08 25854.08 FLAT’ FLAT BS/Al 9709.81 '9709.81 9709.81
FSAB SABL BS 1074.12 107412 1074.12 FSAB SABL BS 130526 1305.26 1305.26
FSAB SABL Al 2629.65 262965 2629.65 FSAB SABL Al 0 0 (o}
MWPI POL! BS 364626.935 364626.9 364626.9 MWP| POLI BS 435245.69 435245.7 4352457
MWPI POLI Al 11617.71 11617.71 11617.71 MWP| POLI Al [ 0 0
MWPI POLI Bog 0 ¢] 0 MWP! POLL Bog 0 0 0
MWPO POLO BS 800359.1415 800359.1 800359.1 MWPO  POLO BS 762774.743 762774.7 7627747
MWPO POLO A '22340.94154 22340.94 22340.94 MWPO POLO Al 0 0 0
MWPO  POLO Bog 0 o] 0 MWPO POLO Bog 0 0 0
PCOD PCOD BS/Al 102519.99 102520 102520 PCOD PCOD BS/AI 92432.13 92432.13 92432.13
ROCK ROCK BS 0 0 0 ROCK ROCK BS [ 0 0
ROCK ROCK Al 13348.55 13348.55 13348.55 ROCK ROCK Al . o] 0 [
RSOL RSOL BS/Al 72611.8 726118 72611.8 RSOL RSOL BS/Al 62146.96 62146.96 62146.96
SABL SABL BS 0 0 0 SABL SABL 8BS 289.44 28944  289.44
SABL SABL Al 0 0 0 SABL SABL Al 0 0 [o}
TURB TURB BS 26783  2678.3 2678.3 TURB TURB BS 7049.67 7049.67 7049.67
TURB TURB Al 54545 545.45 545.45 TURB TURB Al [] 0 0
YFSL YFSL BS/Al 128827.78 121305.7 121305.7 YFSL YFSL BS/Al 219017.33 212519.9 2125199

EA/RIR for BSAI Amendment 37 250 June 21, 1996




Table A-2

Fishery
ARRW
ATKA
BPOI
BPOO
FCOD
FLAT
FSAB
MWPI
-MWPO
PCOD
ROCK
RSOL
SABL
TURB
YFSL

Fishery
ARRW
ATKA
BPOI
BPOO
FCOD
FLAT
FSAB
MWPI
MWPO
PCOD
ROCK
RSOL
SABL
TURB
YFSL

1993

Cumulative wholesale value
Altemative 2 Alternative 3

Status Quo
$0
$37,402,252
$5,409,940
$63,895,739
$55,831,850
$6,938,462
$8,252,774
$130,679,323
$385,703,901
$51,882,978
$9,008,696
$33,297,278
$0
$4,998,544
$53,887,376

$0
$37,402,252
$5,409,940
$63,895,739
$55,831,850
$6,938,462
$8,252,774
$130,679,323
$385,703,901
$51,882,978
$9,008,696
$33,297,278
$0
$4,998,544
$50,336,639

$0
$37,402,252
$5,409,940
$63,895,739
$56,831,850
$6,938,462
$8,252,774
$130,679,323
$385,703,901
$51,882,978
$9,008,696
$33,307,729
$0
$4,998,544
$50,413,167

Cumulative retained species catch

Status Quo
0
39,115
10,410
93,589
65,326
10,394
2,394
368,168
799,359
52,397
9,865
22,769
0
2,709
76,193

Alternative 2
0
39,115
10,410
93,589
65,326
10,394
2,394
368,168
799,359
52,397
9,865
22,769
0
2,709
71,404

EA/RIR for BSAI Amendment 37

Alternative 3
0
39,115
10,410
93,589
65,326
10,394
2,394
368,168
799,359
52,397
9,865
22,792
0
2,709
71,444

251

1994

Fishery
ARRW
ATKA
BPO!
BPOO
FCOD
FLAT
FSAB
MWPI
MWPO
PCOD
ROCK
RSOL
SABL
TURB
YFSL

Fishery
ARRW
ATKA
BPOI
BPOO
FCOD
FLAT
FSAB
MWPI
MWPO
PCOD
ROCK
RSOL
SABL
TURB
YFSL

Cumulative wholesale value
Alternative 2 Aiternative 3

Status Quo
$0
$29,834,219
$150,620
$16,473,157
$79,280,650
$3,648,788
$2,918,836
$198,435,044
$321,768,331
$45,637,321
$0
$42,870,259
$191,872
$7,791,708
$78,693,685

$0
$29,834,219
$150,620
$16,473,157
$79,280,650
$3,670,771
$2,918,836
$198,435,044
$321,768,331
$45,637,321
$0
$42,870,259
$191,872
$7,791,708
$75,102,446

Total wholesale value of retained species catch and total retained species catch as estimated by Bering Sea fishery
simutation mode! by fishery and alternative (1993 and 1994 data sets).

$0
$29,834,219
$150,620
$16,473,157
$79,280,650
$3,670,771
$2,918,836
$198,435,044
$321,768,331
$45,637,321
$0
$42,869,701
$191,872
$7,791,708
$75,102,446

Cumulative retained species catch

Status Quo
0
51,421
249
29,233
94,690
2,771
856
430,141
735,448
50,966
0
17,279
61
5,608
118,084

Alternative 2
0
51,421
249
29,233
94,690
2,768
856
430,141
735,448
50,966
0
17,279
61
5,608
112,709

Alternative 3
0
51,421
249
29,233
94,690
2,768
856
430,141
735,448
50,966
0
17,278
61
5,608
112,709

June 21, 1996



15 o 59 106'p 09s'y Sev'l €8 . 2is'te ~ [4os'ee8 86y | SN
| 0 e 0 0 0 o SEI } €e 0 __guniL 2
| 0 e o 0 0 0 e 0 0 0 _.1avs )
o e £ 805 v20'S viy'9e 265 28 ~loigss 60021y JOSH P
0 o 0 e 0 0 8t 08¢ [} 0 ] YOOH a
, ve T lsa oles 209 avl 025 6t 20cv 109 29v'951 - @ood g
| R T LES'SE 0 vE 0 6 ovi ~ |sor'e o¥5't OdMN 4
G 602°9 0 0 0 I 0 Jeiety 2SE'2 1MW
ﬂ ) o 0 9 0 0 0 8 0 0 avsd
6 or 6L gvS'e 225 691 . Vil I52V1 116'gel 741 v
o o zi 3 ol 0Ll vOE el 1682 [N aood
, z v 820'2 St £25'9 045 09€ 26 “|voeeve £18'62 00d8
L lee 612 0 0 0 65 0 195°€2 088°€Z 1048
. 1o 0 0 0 0 951 0 0 0 VYLV
0 0 0 0 0 0 0 0 "o [} Mudv
€ oaljeula)ly
B g9 S68'7 095 10v'l vES 19v'iz  |9e0'es va6'vy IS3A
0 0 0 0 0 0 SEl ! ee 0 auny;
o 0 0 0 0 )] 0 ] o 0 B ___avs
o 0 € 805 500G vsi'ze Tres ze8 T |rog'zs vgey 0S4
o 0 0 e 0 0 8it 08z e 0 | Tvoou
ve JE 0129 209 ovl 025 6121 202y " |ie0's9 28951 i a0dd
662 616'Ly 185°9€ 0 ve ] 6 ofi " |sor'e oSt OdMN
%62 91E99 6029 0 0 0 T 0 T agan gste ] IdMIN
o 0 0 9 0 0 0 g 1o 0 ~ avsd
R or 6L €59 225 691 il 15271  |zieBz1 WrLl v Q
0 0 2l 1€ 9l 0Lk e We'l  |zee'L 0El'l _ | aoad| N
2w 820'2 St £25'9 _lozs 09€ %6 . . |tegeve  feiss. | "oodsl
[ 61c 0 0 1o i 65 1o T |295eR 088'c2 17 Tiodgl
0o o 0 0 o 0 851 0 o 0 o WY
o 0 0 0 o 0 0 o 0  Mugv
2 aAljewn))y
Fw— o 616'9 €95y 1521 €5 52902 60.'v98 699E IS4A
0 - 0 0 0o SEl 1 €e [} o unl
o 0 0 o 0 o 0 0 1avs
o1 T 805 500G vslee 1€5 _lzes " hoe's He'ely | josH
o e 0 0 ‘ 8ll " lose 0 0 1 oon
v 209 oyl ~lozs 6121 202y 120'89 serost aood N
6€c 0 ve o 16 ovl T lsoi's ovst | TTTTOdMW =
96z 0 0 0 i R T z9e'C - IdMIN g
o 9 0 0 o g T 0 avsal £
6 ev5'9 225 691 Vit 52t luesel Tl vid §
0 1€ ol T vOE et [ze82 0EL't | aodd m
. T 5l €2s'e ~|ozs 09 R [ elge. 00d8 >
LS 9. 0 e 68 |0 . |esEe osg'ee 1048 v
0o 0 0 o 951 o o 0 o WILY A
CH 0 0 I (Y (T I ) 0 o haay| 8
1 T - . 1 1 N —ee onp sniglg &
I weokg [ .{.—Mm:mwxvm‘it T £ 8suoz 2 auoz ST { euoz I ‘MWCON., o o 3uoz | 8uo7 ) m
T yoedkg | T uowjeg T ] T ijotesAg yoiedkg T yoweokg T T T yoiedAg” TTyoeakg | yoiedg yoeakg |
T Buuien | woound ] ‘qeio Buiy pey | qero Bum pad | Geid Bup Poy naieH | qupieuuel | geidIeule) qeipjeuuel | Kisysi4

"(elep £661) seAieuislje puE SaLBYS) SSOIOR [BpOW UoHBINWIS AlBys)) BaS Bunag ay) Aq pejeuniss se (DSd) yoyes saioeds pajgiyold jejo | €-V 9IqeL




9 T To T ee 528'p Y 90SS __ [wv9 1e91e 10586 [sevZie [ IsdA
S . L8 tg L o .__._|ee. 0eg'} vs 0 oo genL e
o o 0o 0 0 0 e 0 0 o o __1avs &
R 59 |res’s 96199 805 £29 291'65¥ 620°207 _.Josu -
o e o 0 0 0 o 0 0 0 . J00H Q
CH Y " logg’s e ey 969 S5€'L 19€'y vLL0El 66508 aood 2
065 liei'ee iy 812 B 0 €8/t 196 159 oL'0eL 086'%1  OdMW 2
I 602's2 _|2z50 0 0 0 S5 il S6i°C vBi'l IdMIW
0 0 0 9il 0 o 0 i 0 0 T avsd
o 0 T lseg (753 0 0o byl 10t 50v'S2 0 v
0o 0 s 2 vES ! 6v8 818 658'62 VOE'S ~ Good
e 0 " [eee 0 891 8el'e 66 8y 12201 S90'v2 00d8
o 0 b 0 0 0 t 0 0 6L 10d8
0 0 €922 0 0 0 SEl 0 0 0 WILY
o e 0 0 0 0 0 0 0 0 Mudv

: € anjeuIR)y
19 e ~lse 528’y FEL 905G v¥9 g9z 105586 SelL'lz IS4A
I R 1g o 0 62¢ 085t vs 0 aunt
o 0 0 0 0 0 6 0 0 0 Javs
2 0 [} 59 188's 962'99 805 €29 Z91'65¥ 092'90% 1084
0o 0 0 0 0 0 0 0 o 0 %O0H
e 821’ 099°0 e ! 969 S5E°L 19EY vLLOE) 66508 T aodd
065 Tieree y1'ee 912 0 €8t 199 159 202°021 086%1 T odMW
216 60252 12501 0 0 0 S5 m S62°C V8Ll IdMIN
0 o 0 9kl 0 0 0 i 0 0 avsd
o 0 822 viZ 0 0 i 110 sov'se 0 wial A
o 0 i 52 2 vES ol - 68 8iet 658'62 v0E'S 1 aood]
g 0 ] 262 0 891 82I'E 66 v 120l S90'vZ 1 0048
0 0 ) v i 0 0 0 [ 0 0 ez 10d8
0 0 ) €922 0 0 0 SEl 0o 0 e VLY
0 0 0 0 0 0 0 0o 0 0 MadY

: ¢ aAjeula)ly
68 0 £l seL'T 660°F 26Y'S 9E9 qsie §22'956 SE8'91C IS4A
0 0 18 IS ov 0 622 oes’t  |vs 0 aunL
0 0 o0 e 0 0 6 o o 0 18vs
(2 0 [ ] 188'g 96499 a0§ €9  |e9t'esy  j092'90v ___osd
0 e o 0 0 o 0 o0 o 0 300H
e . leeth 099'9 |ue [ 969  issell ey |veLoen 66508 ~aood &
065 lel'ez tiee eie 0 g8t 195 59 lioz'ozs 08671 OdMN 2
. 602'52 22501 0 0 0 S5 1 isel vBHl IdMIN 3
[ o Tlen 0 0 o ; ) 0 T T avsd] 6
[ ez T T vse 0 0 ) ovl loo'e |sor'sz o v g
R e - - VES [T (0 8I8'e  |6s8'62 VOE'S 1 aood m
R I - [ . 891 ggi'e 166 8t [1zE'vol §90%c | 00dsg| >
0 10 R 0 0 o b o e T lee T Tods %
0 o Jeeee [0 0 0 s o o 0 . wily| /@
o 0 ) 0 I O ) o 0 0 e T 0 MEgv g
RSN NSO S e — I . ono smels =
ST yoyesig “Tyopeshg T4 2 8U0Z "7} suoz — ‘geuoz | ' zauoz euoz | M
........ yojeohg ‘uoleg |7 uoljeg yoeskg | yoeofg “{jojedkg yoieskg Wiedkg | yoeshkg [ yaokg [ T T =
T Busis [T i T Tvioouiyn qesd bupi pey | qeloBupyped | qeso Buiy poy naeq qeij isuue]” | “qeinjeuue) qeipeuue] | Kieysig

‘(e1ep v661) S8AleUIS)|e pUE SBlLIBYS]) SSOIJ. [8poW UOREINWIS Kiaysy eag Buuag au) Aq pajewiise se (DSd) yoieo senads panqiyoud jejo| $-V 9198l



Table A-5 Total catch by species and TAC type from all fisheries by Alternative - 1993 and 1994 data sets.

Total catch of t : .
1993 . 1994
TAC TAC

Jarget Jype StatusQuo AltL2  Alt3 Yarget Jype StatusQuo Al 2 A3

ARRW 1 6,604 6602 6,603 ARRW 1 10,537 10,575 10,575
ATKA 1 3,238 3238 3,238 ATKA 1 358 358 358
ATKA 2 45724 45724 45724 ATKA 2 43701 43,701 43,701
ATKA 3 2,236 2236 2236 ATKA 3 10,055 ° 10,055 10,055
FCOD 1 67,934 67934 67934 FCOD 1 92,201 92,201 92,201
FLAT 1 25665 24,980 24,991 FLAT 1 24244 24852 24852
FSAB 1 802 802 802 FSAB 1 847 847 847
FSAB 2 1,476 1,476 1,476 FSAB 2 0 0 0
FSAB 3 0 0 0 FSAB 3 0 0 0
PCOD 1 81,911 81,867 81,848 PCOD 1 87,719 88,207 88,207
POLI 1 302,752 302,762 302,752 POLI 1 443000 443,041 443,041
POLI 2 11616 11,616 11,616 POLI 2 (] 0 0
POLI 3 0 0 0 POLI 3 ] ] 0
POLO 1 806,164 806,126 806,074 POLO 1 777351 777,712 777,713
POLO 2 19,150 19,150 19,150 POLO 2 337 337 337
POLO 3 6 6 6 POLO 3 15 15 15
ROCK 1 1,954 1,953 1,954 ROCK 1 1,047 1,048 1,048
ROCK 2 13,060 13,060 13,060 ROCK 2 3,926 3926 392
ROCK 3 492 492 492 ROCK 3 1,999 1,999 1,999
RSOL 1 54610 53697 53,663 RSOL 1 50,906 50,311 50,309
SABL 1 16 16 16 SABL 1 330 334 334
SABL 2 34 34 34 SABL 2 1 1 1
SABL 3 0 0 ] SABL 3 0 () 0
TURB 1 2,963 2,963 2,963 TURB 1 6,410 6414 6414
TURB 2 1,622 1,622 1,622 TURB 2 49 49 49
TURB 3 0 0 0 TURB 3 0 0 0
YFSL 1 98,784 93,102 93,175 YFSL 1 137,583 130,333 130,334
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Table A-12 Bering Sea fishery simulation model prediction of cumulative prohibited species bycatch by week under Status Quo

(1993 data set).
TannerCrab  TannerCrab  Tanner Crab Halibut Redkingcrab Red king crab  Red king crab Chinook Other Herring
Bycatch Bycateh Bycatch Bycateh Bycatch Bycatch Bycatch Salmon Salmon Bycatch
Week Zone 1 Zone 2 Zone 3 Zone 1 Zone 2 Zone 3 Bycatch Bycatch
53 726218 1,409,773 41,778 3.700 29,834 18,957 14,901 50,163 98,489 746
52 726218 1,400,368 41,778 3689 29,834 18,776 14,901 43410 98,489 746
51 726218 1,382,963 41,778 3675 29,834 18,750 14,901 43,127 98,484 746
50 726,218 1,357,278 41,778 3,664 29,834 18,750 14,901 42507 98,484 748
49 726218 1,309,164 41,778 3,657 29.834 18,723 14,901 42,069 98,484 746
48 726218 1,236,779 41,778 3,648 29,834 17,168 14,901 42,001 98.484 746
47 726,218 1,179.729 41,778 3619 29,834 16,524 14,901 41,803 88437 746
46 718,196 1,104,312 41,778 3610 29,834 16,111 14,854 41,797 98,399 746
45 707,351 989,282 41,518 3.582 25834 14,953 14,544 41,776 98,135 746
44 707,351 903,844 40,826 3536 29,834 14,902 14.544 41,730 97.906 745
43 706,763 878,886 40,103 3530 29,834 14,888 14,349 41632 97,663 744
42 705916 853,444 36210 3522 29,329 14,754 14,343 30,188 96,748 740
41 705,916 816,972 35,948 3498 29,329 14,753 14,284 20410 94,973 720
40 705916 790,861 34,047 3485 29,329 14,687 13,734 28,500 91,762 ’ 615 s
39 705,796 756,111 30,609 3460 29,329 14,687 12,592 27,315 84,136 527
38 705,796 746,659 28,595 3424 29,329 14,687 12,065 26,825 75,075 464
37 705,635 714,543 25026 3,336 29,329 14,580 10,836 26,048 66,149 412
36 705,635 697,584 19,996 3.314 29,329 14,573 9,606 24,338 41,814 319
35 705,635 690,360 18,359 3.286 29,329 14573 9,067 23,303 26,370 240
34 705,635 643,781 17,300 3,269 29,329 14,573 8,550 23,011 172 191
33 705,635 633,940 12,972 3254 29,329 14,468 7.482 23,011 172 189
2 705,635 606,730 7.604 3224 29,329 13228 7.400 23,011 172 188
31 705,634 589,632 7576 3216 29,329 9,405 7.400 23,011 172 187
30 705,634 587229 7573 3213 29,329 9,394 7,400 23,011 172 187
29 705,634 573,724 7.573 3210 29,329 8,818 7.400 23,011 172 187
28 705,634 564,578 7.573 3,204 29,329 8.818 7,400 23,011 172 187
27 705.634 526,718 7,558 3,199 29,329 8,682 7.393 23,011 172 187
26 703,791 511,960 7,559 3,179 29,329 8,391 7,393 23,011 172 186
25 697,266 500,009 7.559 3.174 29,329 8391 7.393 23,011 172 185
24 693,451 480,577 7,559 3,063 28,968 8,388 6.885 23,002 172 133
23 692,223 452,316 7.558 2,909 28,87 8,388 5.954 22,902 172 94
2 680,484 418,722 7.512 2,811 28,543 8,388 3.870 22,865 172 78
21 680.414 400,409 7205 2,747 28,543 8,381 3,070 22826 172 66
20 678,673 383,697 6,852 2,692 28,543 8,290 2,024 22,786 132 28
19 676,462 367414 6,203 2,571 28424 7.666 855 22,786 132 27
18 581,589 356,846 5,526 2,407 27,734 7151 850 22,518 132 24
17 566.883 352412 5,176 2,246 27,686 7,148 849 21,479 132 24
16 559,393 343,906 4,645 2,027 27,510 7.139 651 21,160 132 24
15 552,109 335,036 4282 1,786 27.172 7.049 642 20,422 132 23
14 538,373 325,514 4213 1,608 27,068 7.049 635 18,938 132 13
13 530.060 320,200 3,908 1,496 27,068 7,049 606 17.602 107 2
12 524313 309,988 994 1,366 27,068 6,908 52 16,052 107 1
1 524,101 303,507 666 1288 27.068 6,903 28 14,603 107 1
10 522,359 300.682 112 1215 27,068 6,896 0 13,632 107 1
9 521,377 283472 90 1,147 27,068 6,893 0 12,248 82 0
8 442,791 258815 61 1,021 26,268 6,542 0 9,698 47 0
7 302.697 181,538 R 759 18,289 6,537 0 7.505 3 0
6 142,184 122473 30 479 16,347 6,537 0 5,156 29 0
5 46.674 51,439 26 206 10,351 4,944 0 1722 2 0
4 86 1,106 25 24 V] 5 0 [} [} 0
3 0 674 19 15 0 3 0 0 [} 0
2 0 184 0 3 o] 0 0 0 0 0
1 0 o] 0 0 0 0 0 0 0 o]
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Table A-13 Bering Sea fishery simulation model prediction of cumulative prohibited species bycatch by week under Alternative 2

(1993 data set).
TannerCrab  TannerCrab  Tanner Crab Halibut Red kingcrab Redkingcrab Red king crab Chinook Other Herring
Bycatch Bycatch Bycatch Bycatch Bycatch Bycatch Bycatch Salmon Saimon Bycatch
Week Zone 1 Zone 2 Zone 3 Zone 1 Zone 2 Zone 3 Bycatch Bycatch

53 734,373 1,432,100 42,614 3,660 20984 18,954 12,817 50,017 98,489 631
52 734,373 1,422,695 42,614 3,650 29,984 18,772 12,817 43.264 98,489 631
51 734,373 1.405,289 42,614 3,636 29,984 18,747 12817 42,981 98.484 631
50 734,373 1.379.441 42,614 3,625 29,984 18,747 12,817 42,361 98,484 631
49 734373 1,330,580 42,614 3617 29,984 18,719 12817 41,923 98.484 631
48 734,373 1.258,196 42614 3.609 29,984 17,164 12,817 41,855 98,484 » 631
47 734,373 1201,145 42614 3.580 29,984 16,520 12,817 41,757 98,437 631
48 726,351 1,125,728 42,614 3,570 29,984 16,107 12,770 41,651 98,399 631
45 715,506 1,010,699 42,355 3543 29,984 14,950 12,460 41,630 98,135 631
4“4 715,508 925,260 41,662 3497 29,984 14.898 12.460 41,584 97,906 ' 630
43 714918 900,302 40,939 3.491 29984 14,884 12265 41,486 97.663 629
42 714,071 874,861 37,046 3482 29479 14,750 12258 30,042 96,748 625
41 714,071 838,389 36,784 3458 29479 © 14,750 12200 29,264 94,973 605
40 714,071 812277 34,883 3446 29479 14,683 11,650 28354 91.762 500
39 713.951 777,827 31,445 3421 29,479 14,683 10,508 27,169 84,136 412
38 713.951 768,075 29,431 3,384 29479 14,683 9,980 26,679 75,075 349
37 713,790 735,959 25,862 3297 29,479 14,576 8,752 25,902 66,149 297
36 713,790 719,001 20,832 3274 29,479 14,570 7.521 24,192 41814 204
35 713.790 711,493 19,184 3,249 29,479 14,570 6,982 23187 26,370 125
34 713,790 664,920 18,126 3232 29,479 14,570 6,465 22,865 172 k4
33 713,790 655,080 13,798 3217 29479 14,464 5,397 22,865 172 74
R 713,790 627.869 8429 3,187 29479 13224 5315 22,865 172 74
31 713,790 610.771 8401 3,179 29479 2401 §315 22,865 172 73
30 713,790 608,368 8,399 3175 29479 9,390 5315 22,865 172 3
29 713,790 §94.863 8.399 3173 29,479 8815 5315 22,865 172 3
28 713,790 585,718 8399 3,167 29,479 8.815 5315 22,865 172 73
27 713,790 547,857 8,384 3,162 29,479 8,678 5.308 22865 172 72
26 711,946 533,099 8,384 3,142 29,479 8,388 5,308 22,865 172 n
25 705,421 521,148 8,384 3,137 29,479 8,388 5,308 22,865 172 70
24 702,646 519,231 8384 3,136 29,321 8,388 5,308 22,865 172 70
23 700,850 477,897 8,384 2946 29,180 8,388 4916 2865 172 50
2 684,324 430,095 8.384 2,823 28,709 8,388 2,700 22,865 172 4
21 684225 409,465 8,076 2,761 28,700 8,381 2,540 22,826 172 34
20 681,670 392,753 7,723 2,704 28,709 8290 1,563 22,786 132 28
19 676,462 367,414 6203 257 28,424 7.666 855 22,786 132 7
18 581,589 356,846 5,526 2407 27,734 7.151 850 22518 132 24
17 566,883 352412 5,176 2,246 27.686 7.149 849 21479 132 24
16 559,393 343,906 4,645 2,027 27,510 7,139 651 21,160 132 24
15 552,109 335,036 4282 1.786 27172 7,049 642 20,422 132 23
14 539,373 325514 4213 1.608 27.068 7,049 635 18,938 132 13
13 530,060 320200 3.908 1,496 27,068 7.049 606 17,602 107 2
12 524,313 309.989 994 1.366 27,068 6.908 52 16,052 107 1
1 524,101 303,507 666 1.288 27,068 6.903 28 14,603 107 1
10 522,359 300,682 12 1215 27,068 6,896 ] 13,632 107 1
9 521,377 293,472 20 1,147 27,068 6,893 0 12,248 82 0
8 442,791 258,815 61 1,021 26,268 6,542 0 9,698 47 0
7 302,697 181,538 R 759 19,289 6,537 0 7.505 33 [¢]
6 142,184 122,473 30 479 16,347 6,537 0 5,156 29 0
5 46,674 51,439 26 206 10.351 4,944 0 1722 22 0
4 86 1,106 25 24 0 5 0 0 ] 0
3 0 674 19 15 0o 3 0 [ 0 0
2 0 184 0 3 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0
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Table A-14 Bering Sea fishery simulation model prediction of cumulative prohibited species bycatch by week under Alternative 3

(1993 data set).
TannerCrab  TannerCrab  Tanner Crab Halibut Redkingcrab Redkingcrab Red king crab Chinook Other Herring
Bycatch Bycatch Bycatch Bycatch Bycatch Bycatch Bycatch Saimon Saimon Bycatch
Week Zone 1 Zone 2 Zone 3 Zone 1 Zone 2 Zone 3 Bycatch Bycatch

53 733.624 1,434.439 42,725 3,664 29,328 18,973 12,823 50,017 98,489 631
82 733.624 1,425,034 42,725 3,654 29,328 18,792 12,823 43264 98,489 631
51 733.624 1,407,629 42,725 3.640 29,328 18,766 12,823 42,981 98,484 631
50 733.624 1,381,780 42,725 3,629 29,328 18,766 12,823 42,361 98,484 631
49 733,624 1,332,919 42,725 3.621 20,328 18,739 12.823 41,923 98.484 631
48 733,624 1,260,535 42,725 3613 29,328 17,184 12,823 41,855 98,484 631
47 733.624 1,203,485 42,725 3,584 29,328 16,540 12,823 41,757 98437 631
46 725,602 1,128,068 42,725 3,574 29,328 16,127 12777 41,651 98,399 631
45 714,757 1,013,038 42,466 3,547 29,328 14,969 12,467 41,630 98,135 631
44 714,757 927,599 41,773 3,501 29,328 14,918 12,467 41,584 97.906 630
43 714,169 902.642 41,050 3,495 29,328 14,903 12271 41,486 97,663 629
42 713,322 877,200 37,157 3,486 28,823 14,770 12,265 30,042 96.748 626
41 713322 840,728 36,895 3,462 28,823 14,769 12,206 29,264 94,973 606
40 713.322 814,617 34,994 3,450 28,823 14,703 11,657 28,354 91,762 501
39 713,202 779,866 31,556 3425 28,823 14,703 10,514 27,168 84,136 412
38 713202 770414 29,542 3,388 28,823 14,703 9,987 26,679 75,075 349
37 713,042 738299 25,973 3.301 28,823 14,596 8,759 25,902 66,149 297
36 713,042 721,340 20943 3278 28,823 14,589 7.528 24,192 41,814 204
35 713,042 713838 19,295 3253 28,823 14,588 6.988 23,157 26,370 125
34 713,042 667,260 18237 3235 28,823 14,589 6.471 22,865 172 77
33 713,041 657.419 13,909 3,220 28,823 14,484 5,403 22,865 172 74
R 713,041 630,208 8,540 3,190 28,823 13244 5,321 22,865 172 74
31 713,041 613,111 8512 3.182 28,823 9421 5,321 2,865 172 73
30 713,041 610,708 8510 3,179 28,823 9410 5321 22,865 172 73
29 713,041 597,202 8510 3,176 28,823 8,834 5321 22,865 172 73
28 713,041 588,057 8,510 3,171 28,823 8,834 §.321 22,865 172 73
27 713,041 550,197 8,495 3,166 28,823 8,698 5315 22,865 172 72
26 711197 535,438 8,495 3,145 28,823 8407 5315 22,865 172 71
25 704,672 523,488 8495 3,141 28,823 8,407 5315 22,865 172 70
24 701,898 521,570 8,495 3,140 28,665 8,407 5315 22,865 172 70
23 700.071 479,557 8495 2,949 28,522 8407 4,916 22,865 172 50
- 2 683,546 431,755 8495 2.826 28,050 8,407 2,700 22,865 172 44
21 683,447 411,124 8,187 2,763 28,050 8,400 2,540 22,826 172 35
20 680,892 394,412 7.834 2,706 28,050 8,309 1,563 22,786 132 28
19 675,659 367,922 6203 2572 27,745 7.685 855 22,786 132 27
18 581,589 356,846 5,526 2,407 27,734 7181 850 22,518 132 24
17 566,883 352412 5,176 2246 27,686 7.149 849 21,479 132 / 24
16 559,393 343,906 4,645 2,027 27,510 7.139 651 21,160 132 ' 24
15 562,109 335,036 4282 1,786 27.172 7.049 642 20,422 132 23
14 539.373 325514 4213 1.608 27,068 7,049 635 18,938 132 13
13 530,060 320,200 3,908 1,496 27,068 7,049 606 17,602 107 2
12 524,313 309,989 934 1.366 27,068 6,908 52 16.052 107 1
11 524.101 303,507 666 1288 27,068 6,903 28 14,603 107 1
10 522,359 300.682 112 1215 27,068 6,896 0 13,632 107 1
9 §21377 293472 90 1,147 27,068 6,893 o] 12,248 s2 0
8 442,791 258,815 61 1,021 26,268 6,542 0 9,698 47 o}
7 302,697 181,538 R 759 19,289 6,537 0 7,508 33 0
6 142,184 122,473 30 479 16,347 6,537 0 5,156 29 0
5 46,674 51439 26 206 10,351 4,944 0 1,722 22 0
4 86 1,106 25 24 0 5 0 0 0 0
3 o} 674 19 15 [¢] 3 0 0 0 [
2 0 184 0 3 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0
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Table A-15 Bering Sea fishery simulation model prediction of cumulative prohibited species bycatch by week under Status Quo

(1994 data set).
TannerCrab  Tanner Crab  Tanner Crab Halibut Redkingcrab Redkingcrab Red king crab Chinook Other Herring
Bycatch Bycatch Bycatch Bycatch Bycatch Bycatch Bycatch Saimon Salmon Bycatch
Week Zone 1 Zone 2 Zone 3 Zone 1 Zone 2 Zone 3 Bycatch Bycatch

53 749,306 1,828,752 35,562 4576 77.905 7.740 4,385 42216 49,528 1.600
52 749,306 1,829,752 35562 4,575 77.905 7,740 4385 42,000 49,528 1,600
51 749,306 1,829,711 35,562 4574 77.905 7.740 4385 41,862 49,528 1,600
50 749,306 1,829,711 35,562 4573 77.905 7,740 4,385 41,796 49,528 1,600
49 749.306 1,829,711 35,562 4,573 77.905 7,740 4,385 41,757 49,528 1,600
48 749,306 1,828,118 35,562 4,569 77.905 7,738 4,385 41,693 49,528 1,600
47 749,306 1,801,458 35,562 4,523 77,905 7.735 4,385 41,651 49,528 1,600
46 748,502 1,763,865 35,562 44e1 77.905 7.604 4,385 41474 49,508 1,600
45 748,502 1,730,490 35,562 4379 77.905 7.287 4,385 41,430 49,508 1,600
4 748,502 1,660,141 35,562 4,330 77,905 7.282 4,385 41,352 49,499 1,599
43 748,475 1,570,893 35,561 4,285 77.905 7.045 4.385 41212 49,487 1,598
42 748,400 1,486,822 35,527 4219 77.905 7.042 4,384 41,186 49,480 © 1,504
41 748,164 1,399,470 - 34,828 4,157 77.905 7,042 4,384 41,022 49,352 1.556
40 746,988 1,363,526 34,287 4,083 77.805 7,033 4,384 40,721 48,136 1.437
39 746,908 1,318,504 34,285 399 77.905 6,643 4,384 39,449 46,503 1,052
38 746,884 1,263,636 34,231 3.933 77,905 6,643 4384 38,921 43,881 768
37 746,806 1213844 33911 3855 77.905 6.634 4,380 38,506 39.235 567
36 746,800 1,131,431 33.805 3,759 77805 - 6,630 4,380 37,956 30,265 361
35 746,800 1,044,656 33,757 3,582 77,905 6.626 4,380 37,650 19,028 171
34 746,800 930,961 33,453 3422 77.905 6.462 4,143 37,538 4,099 86
33 746,800 800,405 33,376 3417 77905 6,462 4,143 37,538 4,009 81
k3 746,800 757,969 11,780 3,400 77.905 6,462 4,141 37,538 4,099 80
31 746,800 757.969 11,780 3,390 77.905 6,462 4,141 37,538 4,009 80
30 746,800 757,969 11,780 3,398 77905 6,462 4,141 37,538 4,009 80
29 746,800 757,969 11,780 3,393 77,905 6,462 4,141 37,538 4,099 80
28 746,737 757,969 11,780 3,382 77.903 6,462 4,141 37,538 4,099 80
27 746,737 757.969 11,780 3,365 77,903 6462 4,137 37538 4,000 76
26 746,737 754,277 11,780 3311 77903 6,462 3,876 37,538 4,099 59
25 746,737 745,941 11,780 3252 77903 6,462 36N 37,538 . 4,099 46
24 746,737 740,627 11,228 3,176 77,903 6,456 2,857 37538 4,099 40
23 746,737 734,702 10,491 3,137 77,903 6,456 2,640 37,525 4,099 34
2 746,737 729,400 9,604 3,103 77,903 6,456 1,102 37,525 4,099 3
21 746,737 707,129 9,126 3,047 77,903 6456 1,042 37,525 4,009 1
20 742,770 702,801 8,584 2976 77156 6,441 974 37.491 4,009 4
19 725,529 700,402 6735 2615 76,776 6,391 684 36,871 4,069 4
18 711,087 691,242 6,687 2361 76.607 6,381 683 36,334 3995 4
17 675,968 671,636 6.687 2,132 75627 6,381 676 36,025 3954 4
16 516.442 666,088 6213 1,886 72,953 6,196 676 35,568 3,870 4
15 499,535 653453 5465 1,632 72,205 5922 676 34,009 3,806 4
14 487,435 639,894 5420 1,488 72,205 5.906 675 32,350 3,690 4
13 470,648 596,558 4,965 1,329 71,778 5,906 672 31,325 3,126 2
12 464,625 593,014 2,000 1,145 71,778 5,906 550 30,123 3,063 2
11 458,620 590,516 948 994 71778 5.906 545 28,808 3,048 1
10 454,942 585,721 935 941 71,713 5,889 228 27,247 2,990 0

9 249,896 584.201 328 725 28,784 5.889 12 23,704 2,824 0

8 67.880 581,725 319 542 22856 5,889 11 13,323 369 .0

7 55,774 310,396 319 379 18,877 5,634 11 8,982 70 0

6 48,121 226,905 319 22 18,628 ] 10 5.694 68 0

5 32,713 2,872 251 100 14,692 ‘5 10 809 12 0

4 44 2216 207 &0 0 0 6 0 0 0

3 28 1,475 43 k<] 0 0 0 0 0 0

2 21 176 0 3 0 0 0 0 0 0

1 0 0 0 0 0 0 0 ] 0 0
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Table A-16 Bering Sea fishery simulation model prediction of cumulative prohibited species bycatch by week under Alternative 2

(1994 data set).
TannerCrab  TannerCrab  Tanner Crab Halibut Red kingcrab  Red king crab  Red king crab Chinook Other Herring
Bycatch Bycatch Bycatch Bycatch Bycatch Bycatch Bycatch Saimon Salmon Bycatch
Week Zone 1 Zone 2 Zone 3 Zone 1 Zone 2 Zone 3 Bycatch Bycatch

53 749,607 1,858,528 35,757 4,584 77919 7.752 6,504 42,237 49,528 1576
2 749,607 1,858,528 35,757 4584 77,919 7.752 6.504 42,022 49,528 1.576
51 749,607 1.858,487 35,757 4,583 77918 7.752 6.504 41,884 49.528 1576
50 749,607 1,858,487 35,757 4,582 77919 7.752 6.504 41817 49,528 1,576
49 749,607 1,858,487 35.757 4582 77919 7,752 6,504 4,779 49,528 1576
48 749,607 1.856,894 35,757 4,578 77,919 7.750 6,504 41,715 49,528 1576
47 749.607 1,830,234 35,757 4532 77919 7.747 6,504 41,672 49,528 1576
46 748,803 1,792,641 35,757 4470 77919 7615 6.504 41,496 49,508 1,576
45 748,803 1,759,266 35,757 4387 77919 7299 6,504 41,451 49,508 1576
44 748,803 1,688,917 35,757 4,339 77919 7294 6,504 41,374 48,499 1,576
43 748,775 1,599,669 35,756 4204 77919 7,057 6.504 41234 49,487 1574
42 748,709 1,515,598 35,722 4228 77919 7,053 6.503 41,208 49,480 1570
41 748,464 1428,246 35.023 4,166 77918 7,053 6.503 41,044 49,352 1,532
40 747,289 1,392,302 34,482 4,092 77919 7.045 6.503 40,743 48,136 1.413
39 747,209 1.347,.280 34,480 4,004 77919 6,655 6,503 39470 46,503 1,028
38 747.184 1292412 34,426 3,942 77919 6,655 6,503 38,942 43,881 745
37 747,107 1,242,620 34,106 3.864 77918 6,646 6.499 38,528 39235 543
36 747,101 1.160.207 33999 3,768 77919 6,642 6,499 37.977 30.265 337
35 747,101 1,073.432 33,951 3,591 77919 6.638 6.499 37,671 19,028 148
A 747,101 959,737 33.648 3,430 77918 6473 6,262 37,560 4,099 62
3 747,101 829,182 33,570 3426 77919 6473 6.262 37,560 4,099 58
R 747,101 786,745 11,975 3408 77919 6473 6260 37.560 4,099 56
31 747,101 786,745 11975 3408 77919 6473 6260 37,560 4,009 56
30 747,101 786,745 11,975 3407 77919 6473 6.260 37,560 4,099 56
2 747,101 786,745 11,975 3401 77918 6,473 6.260 37.560 4,099 56
28 747,038 786,745 11,975 3,391 77917 6473 6260 37.560 4,099 56
27 747,038 786,745 11,975 3,391 77917 6.473 6.260 37,560 4,009 56
26 747,038 786,745 11,975 3.387 77917 6.473 6,260 37.560 4,099 56
25 747,038 776,722 11,975 3,320 77917 6,473 5,943 37,560 4,099 41
24 747,038 759,745 11,380 3226 77917 6,456 5022 37,560 4,099 39
23 747,038 744232 10,560 3,163 77917 6,456 4,457 37,525 4,099 38
22 747,038 732,204 9,681 3,109 77917 6,456 926 37,525 4,009 34
21 747,038 707,233 9,204 3,048 77917 6,456 867 37.525 4,099 10
20 743,031 702,860 8,584 2976 77167 6441 778 37.491 4,099 4
19 725,529 700.402 6,735 2615 76,776 6.391 684 36,871 4,069 4
18 711,087 691,242 6,687 2,361 76,607 6.381 683 36,334 3,995 4
17 675,968 671,636 6,687 2,132 75.627 6.381 676 36,025 3.954 4
16 516.442 666,088 6213 1,886 72,953 6,196 676 35,568 3,870 4
15 499,535 653,453 5,465 1.632 72,205 5922 676 34,099 3,806 4
14 487435 639.894 5420 1488 72,205 5,906 675 32,350 3,690 4
13 470,648 596,558 4,965 1,329 71,778 5,906 672 31,325 3,126 2
12 464,625 593,014 2,090 1.145 71,778 5.906 550 30,123 3,063 2
1 458,620 590,516 948 934 71,778 5.906 545 28,808 3,048 1
10 454,942 585,721 935 941 71,713 5.889 228 27,247 2,990 0

9 249,896 584,201 328 725 28,784 5,889 12 23,704 2,824 0

8 67880 581,725 319 542 22,856 5,889 1 13,323 369 0

7 55,774 310,396 319 379 18.877 5,634 ih 8,982 70 o}

6 48,121 226,905 319 222 18,628 9 10 5.694 68 0

S 32,713 2,872 251 100 14,692 5 10 809 12 0

4 44 2216 207 60 0 0 6 0 0 0

3 28 1475 43 33 0 0 0 0 0 0

2 21 176 0 3 0 [+} 0 0 0 0

1 0 0 0 0 v [} 0 1] 0 0

EA/RIR for BSAI Amendment 37 265 June 21, 1996




Table A-17 Bering Sea fishery simulation model prediction of cumulative prohibited species bycatch by week under Alternative 3

(1994 data set).
TannerCrab  TannerCrab  Tanner Crab Halibut Redking crab Red king crab  Red king crab Chinook Other Herring
Bycatch Bycatch Bycatch Bycatch Bycatch Bycatch Bycatch Salmon Saimon Bycatch
Week Zone 1 Zone 2 Zone 3 Zone 1 2one 2 Zore 3 Bycatch Bycatch

53 750,376 1.858,528 35,757 4.585 77919 7,752 6,504 42237 49,528 1,576
52 750,376 1,858,528 35,757 4,584 77.919 7.752 6.504 42022 49,528 1,576
51 750,376 1,858,487 35757 4,583 77.919 7.752 6,504 41,884 49,528 1,576
50 750,376 1,858,487 35757 4,583 77919 7.752 6,504 41817 49,528 1,576
49 750,376 1,858,487 35,757 4,582 77919 7.752 6,504 41779 49,528 1.576
48 750,376 1,856,894 35,757 4,578 77,919 7.750 6,504 41,715 49,528 1.576
47 750,376 1,830,234 35,757 4,532 77.919 7.747 6,504 41672 49,528 1576
46 749,572 1,792,641 35757 4470 77919 7615 6.504 41,496 49,508 1,576
45 749,572 1,759,266 35757 4,388 77.919 7,299 6.504 41.451 49,508 1,576
44 749,572 1,688,917 35,757 4,339 77919 7.294 6,504 41374 49,499 ' 1578
43 749,544 1,599,669 35,756 4294 77.919 7.057 6,504 41234 49,487 1,574
42 749,478 1,515,598 35722 4,228 77919 7.053 6,503 41,208 49,480 1570
41 749,233 1.428,246 - 35,023 4,167 77.919 7.053 6,503 41,044 *49,352 1532
40 748,058 1,392,302 34,482 4,092 77.919 7.045 6,503 40,743 48,136 1413
39 747,978 1,347,280 34.480 4,005 77.919 6,655 6,503 39,470 46,503 1,028
38 747,953 1202412 34,426 3,942 77.919 6,655 6,503 38,942 43,881 745
37 747,876 1,242,620 34,106 3.864 77.919 6,646 6.499 38,528 39,235 543
36 747,870 1.160.207 33,999 3.768 77.919 6,642 6.499 37.977 30.265 337
35 747,870 1,073,432 33.951 3591 77.919 6638 6,499 37671 19.028 148
34 747.870 959,737 33.648 3431 77919 6.473 6.262 37.560 4,099 62
33 747,870 829,182 33,570 3,426 77919 6,473 6.262 37.560 4,099 58
32 747,870 786,745 11,975 3409 77919 6,473 6260 37.560 4,099 56
3t 747,870 786,745 11.975 3,408 77919 6,473 6,260 37,560 4,009 56
30 747,870 786,745 11,975 3407 77919 6,473 6260 37,560 4,099 56
29 747.870 786,745 11,975 3402 77.919 6473 6,260 37.560 4,099 56
28 747.807 786,745 11,975 3,391 77917 6,473 6,260 37,560 4,099 56
27 747,807 786,745 11,975 3391 77917 6473 6.260 37.560 4,099 56
26 747.807 786,745 11,975 3387 77917 6,473 6,260 37,560 4,099 56
25 747.807 776,722 11,975 3,320 77917 6473 5943 37,560 4,099 41
24 747,807 759,745 11,390 3226 77917 6.456 5.022 37,560 4,009 39
23 747,807 744,232 10,560 3,163 77917 6,456 4457 37,525 4,099 38
22 747,807 732204 9.681 3,109 77917 6,456 26 37525 4,099 34
21 747,807 707233 9.204 3,048 77917 6,456 867 37,525 4,099 10
20 743,800 702,860 8,584 2976 77.167 6,441 778 37491 4,009 4
19 725529 700,402 6,735 2615 76,776 6,391 684 36,871 4,069 4
18 711,087 691,242 6,687 2,361 76,607 6,381 683 36,334 3,995 4
17 675,968 671,636 6687 2,132 75,627 6,381 676 36,025 3954 4
16 516,442 666.088 6213 1,886 72,953 6,196 676 35,568 3.870 4
15 499,535 663453 5465 1,632 72205 5922 676 34,099 3,806 4
14 487435 639,894 5.420 1488 72,205 5,906 675 32,350 3,690 4
13 470,648 596.558 4,965 1,329 71,778 5,906 672 31,325 3,126 2
12 464,625 593,014 2,090 1,145 71,778 5,906 550 30,123 3,063 2
1 458,620 590,516 948 994 7,778 5,906 545 28.808 3,048 1
10 454,942 585,721 935 941 71,713 5,889 228 27.247 2,990 0

9 249,896 584,201 328 725 28,784 5889 12 23,704 2,824 0

8 67,880 581,725 319 542 22,856 5,889 1 13.323 369 0

7 55,774 310,396 319 37 18,877 5634 11 8.982 70 0

6 - 48.121 226,905 319 222 18.628 9 10 5.694 68 0

5 32,713 2872 251 100 14,692 5 10 809 12 ]

4 44 2216 207 60 0 ] 6 0 ] ]

3 28 1475 43 k<] 0 0 [ 0 0 0

2 21 176 0 3 0 0 ] 0 0 0

1 0 0 0 0 0 0 0 0 ] 0
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Table A-18 Chronology of closures, affected fisheries and reason for closure (MWPO=midwater pollock outside; FSAB=fixed
gear sablefish; BPOO=Bottom trawl pollock outside; BPOI=Bottom trawl pollock inside). 1993 data set.

1993 Fishery Week TAC Reason PSC TAC Total Species PSC PSC
Type TAC or PSC Species Catch Cap Catch

Status Quo : :

FSAB 47 1|TAC 800 802 0 0,
BPOO 38 0|PSC Halibut2 0 0 555 630
YFSL 25 0|PSC Halibut1 0 0 750 354
TURB 24 0|PSC Halibut 0 0 120 135
ROCK 17] 0{PSC Halibut3 [s) 0 110 118
MWPO 13 2|TAC 1 36,790 18,136 0 0
RSOL 9 o|PSC Halfibut1 0 0 690 444
BPOO 8 0|PSC Halibut 0 0. 555 462
BPOI! 8 0|PSC Halibut 0 0 555 462
BPOO 7 0|PSC Bairdi 0 0 75,000 104,579,
BPOI 7 o|PSC Bairdi 0 0] 75,000 104,579
L :

Alternative 2 : ; -
FSAB 47 1{TAC 800 802 [¢) 0 .
8POO 38 0|PSC Halibut2 o] 0| 555 630
YFSL 24 0|PSC Halibut1 0 0 750 317
TURB 24 0|PSC Halibut 0 [¢) 120 135
ROCK 17 O|PSC Hatibut3 0 4} 110 118
MWPO 13 2|TAC 1 36,790 18,136 [¢] 0
RSOL 9 0lPSC Halibutt 0 0 690 444
BPOO 8 0|PSC Halibut 0| 0 555 462
BPOI 8 o|PSC Halibut 0| 0 555 462
BPOO 7, 0|PSC Bairdi [\ ) 75,000 104,579
BPO! 7 olPSC Bairdi 1) 0 75,000 104,579
t ! ;

Alternative 3 !

FSAB 47 1{TAC 800 802 0 0
8POO 38 OI|PSC Halibut2 0 0 555 630
YFSL 24 0|PSC Halibut1 0 0 750 320
TURB 24 O|PSC Halibut 0 0 120! 135
ROCK 17 0{PSC Halibut3 0, 0 110 118
MWPO 13 2|TAC 1 36,790 18,136 0 0
RSOL 9 0|PSC Halibut1 0 0 690 444
BPOO 8] - 0i{PSC Halibut 0 (Y 555 462
BPOI 8 0{PSC Halibut 0 ) 555 462
BPOO 7, 0|PSC Bairdi 0 ) 75,000 104,579
BPOI 7 0l|PSC Bairdi 0 0 75,000 104,579
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Table A-19 Chronoiogy of closures, affected fisheries and reason for closure (MWPQO=midwater pollock outside; FSAB=fixed
gear sablefish; BPOO=Bottom trawl pollock outside; BPOI=Bottom trawl pollock inside). 1994 data set.

1994, | i 3 ! 3

Status Quo f = T !
MWP! 42 1]TAC 2 437,500 442,685 0 0
MWPQ ____36 0[PSC Heri 0 0 1,345 271
BPOO 36/ olpsc Halibut2 0 0 555 678
RSOL 25 olPsc " [Haiibut2 0 0 690! 620
FSAB 25 1]TAC 800 814 0 0
FLAT 25 0{PSC " |Halibut2 0 0 690 620
FCOD 21 o[PsC Halibut2 0 0 900 522
TURB 20 1]PSc Halibut 4,669 5977 120 238
MWPO 16 1|TAC 1 812,500 381,946 0 o}
RSOL 10 olpsc Halibuti 0 o 690 438
MWPO 10 1]TAC 1 812,500 373.846 0 0
BPOO 10 1]TAC 1 812,500 373,846 0 0

Alternative 2 : i .
MWP! 42 1]TAC 2 437.500 442 637 0 0
MWPO 36 olPSC Herting 0 0 1,345 271

N BPOO 36 0{PSC Halibut2 0 0 555 678
YFSL 26| 0/PSC Halibut1 0 0 750 298
RSOL 25 o[PsC Halibut2 0 0 690 621

- FSAB 25| 1]TAC 800 814 0 0
FLAT 25 olPSC Halibut2 0 0 690 621
FCOD 21 olPSC Halibut2 0 0 900 522
TURB 20 1]PSC Halibut 4,669 5977 120 238
MWPO 16 1|TAC 1 812,500 381,946 0 0
RSOL 10 o[PSC Halibut1 0 0 690 438
MWPO 10 1]TAC1 812,500 373.846 0 0
BPOO 10 1{TAC1 812,500 373,846 0 0
i

Alternative 3 .
MWP! 42] 1[TAC2 437,500/ 442,637, 0 0
MWPO 36} 0|PSC Herring 0 0 1,345 27
BPOO 36] ojPsc Halibut2 0 0 555, 678
YFSL 26| o|PSC Halibut1 0 0 750, 298
RSOL 25| olPsC Halibut2 0 0 690, 621
FSAB 25 1{TAC 800 814 0 0
FLAT 25| olPsC Halibut2 0 0 690! 621
FCOD 21 o[PsC Halibut2 0 0 900 522
TURB 20 1lpsc Halibut 4,669 5977 120 238
MWPO 16 1|TAC 1 812,500 381,946 0 0
RSOL 10 ofpsc Halibut1 0 0 690 438
MWPO 10 1|TAC 1 812,500 373,846 0 0
BPOO .10 1/TAC 1 812,500 373,846} 0 0
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